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ABSTRACT

A description of the FASTER-III program for Monte
Carlo calculation of photon and neutron transport

in complex geometries is presented. Major revisions
include the capability of calculating minimum weight
shield configurations for primary and secondary
radiation and optimal importance sampling parameters.
The program description includes a users manual
describing the preparation of input data cards,

the printout from a sample problem including the
data card images, definitions of Fortran variables,
the program logic, and the control cards required

to run on the IBM 7094, IBM 360, UNIVAC 1108 and

CDC 6600 computers.



Section 1
INTRODUCTION

The FASTER-III program is designed for accurate calculations
of photon and neutron fluxes at specified points in a complex
geometry. Alternatively, the program will compute fluxes
averaged over specified regions\and surfaces of the geometry.
The Monte Carlo method is employed in the generation and
tracking of particle histories. Importance sampling 1is
employed in all the random sampling phases of the particle
histories to minimize the variance of calculated fluxes.

The program is designed to permit the user to prepare data for
the most simple or complex problem with very little data
manipulation other than entering numbers on data cards.

The most simple problem would require the compositions and
microscopic cross sections for the materials, the radiation
source description, the equations for the surfaces bounding
material regions, the description of the material regions,

and the locations of the detectors. More complex problems
may involve multiple radiation sources, optional outputs

such as the flux by order-of-scatter, useb-supplied importance
sampling parameters, etc..

Among the many options available to the user is the capability
of performing minimum weight shield calculations for rectangular,
cylindrical, and/or spherical shield systems subject to

specified constraints on primary and secondary response functions.
The program will also calculate, as an option, optimal values
of importance sampling parameters which can then be used in
subsequent similar problems.
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Section 2
PROGRAM DOCUMENTATION
The documentation for the program is detailed in the appendices
to this report. This provides the most flexibility for any

additions, modifications and corrections.

2.1 Data Preparation

The instructions for preparing data cards are given in Appendix A.
The input data has been divided into many "input sections".

The user supplies only those sections necessary to describe

a problem. Alternatively, for multiple problem runs, only

those input sections which change are input.

The program will accept data cards in either fixed-field

or variable-field formats as outlined in Appendix A. The
printout from the problem includes the data card images for
a permanent record of the problem input.

The discussion of the input sections includes information
on how to interpret any printout resulting from that input.

2.2 Sample Printout

The complete printout from a sample problem is contained in
Appendix B. The printout includes the data card images. The
data cards include numerous comments which should help relate
the input data to the input instructions in Appendix A,

2.3 Fortran Variables

The fixed location integer and real variables are stored in
named common blocks. These varlables are defined in Appendix C.
Many of the variables are the starting location, in blank common,
of variable-dimensioned arrays. ‘The definitions of these
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location variables includes the name and dimensionality of
the associated array.

2.4 Program Logic

The program logic for data input and particle tracking is
shown in Appendix D. This appendix also includes a short
discussion of the role played by each of the subprograms.

2.5 Machine Consgiderations

Appendix E lists the control cards required for a compile

and execute on the IBM 7094, IBM 360, UNIVAC 1108 and CDC 6600
computers. This appendix also gives the procedure for con-
verting from single to double precision and for making in-
stallation-dependent changes such as input and output unit
designations.



Appendix A

INPUT INSTRUCTIONS

This appendix details the preparation of input data for the

program. The printout resulting from the various inputs

ig also described. An understanding of the program logic may
clarify the role played by various inputs. This logic 1is
discussed in Appendix D, Program Description.

1. Input Logic

The data required by the program has been divided 1ntq
many "input sections". Each input section is classified as,
belonging to one of the following general categories:

1) Material properties -- compositions, cross sections,
etc.

2) Source distributions -- spatial, angular, energy,
etc.

3) Geometry -- bounding surfaces, material regions, etc.

4) Output requests -- detectors, response functions,

edits, etc.

5) Importance sampling -- scaling parameters, energy
importance, etec.

6) Control -- execute, stop,define tapes, etc.
Each category includes one or more input sections.

The general order of input should follow the above pattern.

While the input section order is not always critical, there

are instances where one input section defines parameters which
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are essential to the correct processing of data in a subsequent
input section. If the input order given in this manual is
adhered to, no problems of this nature will occur.

The reason for dividing the data into so many input sections
is to simplify the setup of multiple-case problems. Thus,
each case uses the data of the previous case except for para-
meters changed through one or more input sections.

The program has been designed so that all input data will be
scanned for errors. Thus, if any input errors are detected

by the progfam, an error indicator is set and a message is
entered on the printout. The problem will not be run if any
errors are detected. However, processing of input will continue
as long as no unforeseen catastrophic error occurs.

Most error messages are associated with particular input
sections and are discussed in conjunction with the instructions
for those sections. One error, however, which can occur

in many of the input sections has to do with data storage
allocation.

In general, all data arrays are packed into blank common using
variable dimensioning techniques. The length of blank common
is sufficient for fairly complex problems. However, unusually
large problems -- particularly problems which reqpest many of
the optional output edits -- may exceed the available storage.

The error message associated with insufficient storage is
NAG@*DATA REQUIRES IJKL LPCATIZNS*NAGH
where IJKL represents the computed storage requirement.

Once the available storage is exceeded, the program scans the
rest of the input only to the extent necessary to determine
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the maximum storage requirement.for the problem. The user is
then able to decide whether to decrease the problem slze or
go to a more spacious computer. ' '

An error which ma& occur on multiple-case problems has to do
with manipulating arrays whose dimensions have changed.

The program attempts to preservé the array so that all old -
elements within the new limits are preserved. All old elements
outside the new limits are discarded and any new elements
outSide the old limits are given a value of zero.

If storage is tight, there'is insufficienﬁ'room to perform the

above process and elements may not be preserved. The error

message is o '
NZGE@*STPRAGE CONFLICT @N ARRAY XYZ*N@GH

where XYZ denotes the name of a dgta'array;

Editing of input continues butithe problem will not be run.

If this problem occurs, it can be circumvented by setting

 up the problem as an independent case, i.e., the difficulty

can only occur on change case problems.

‘2. Input Sections

The various input sections have several common featﬁres in
terms of card input and_the,internal'machinations of the
program. In particular, each input. section is‘signaled‘to the
program by a "header card" . The header card for each input
section has a unique three letter "identifier" in card columns
1-3. For example, the data'séction‘for describing the radi-
ation S@gUrce has the identifieP'S¢U; The remainder of the
header card may.be blank or contain any mixture of ‘alphanumeric
data. - ' |
, A-3



Until the input process is terminated, e.g., by the §2§p
input section, the program searches for a header card with

- a recognized identifier. At the commencement of the search,
a line of asterisks.is entered on the printout. Data cards
are then read, scanned for the identifier, and if no identi-
fier 1is found, prihted as a "comment card", These lines of
printout have the form: '

CARD IMAGE #***_ 000.XXX.H ‘ E%ard image

The value of XXX is a serial numbering of the comment cards
since ﬁhe gearch for a header card started. The H indicates
the header card input format. If a new printout page is _
started during the search another line of asterisks is printed
at the top of the page.

This search for the input section identifier has several
convenient features. It permits the entering of any number
of comment cards into the printout for later identification.
It allows the program to quit processing a particular input
section because of an error condition and proceed to the next
input section. It also permits continued input processing
when the number of data cards in an input section is not correct.

When a valid header card is recognized two lines are entered
on the printout.

-x-***-i(-***********************12314567890123 ....890
CARD IMAGE ABC.000.00l.H Ccard image

where ABC denotes the input section identifier, 000 denotes
the zeroth input statement of section ABC, 00l denotes the

first card for the zeroth input statement, and H denotes input
via the header card format.
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The remainder of the data cards in the recognized input section
will then be printed unless a "no print" flag was turned on
by prior processing of the PRInt input section.

If a new printout page is started after the header card is
found, and before the search starts for the next input
section, two lines are entered on the printout, a line of
asterisks, and a line identical to the one printed over the
header card.

After the header card is recognized, the data cards must
correspond to the detailed input formats for that input
section. In particular, the first data card following the
header card in every input section must be the "option card".
The option card contains integer data representing input
option flags, other options, and array limits. None, one,

or more data cards may follow the option card depending

on the data section and the input option flags. The option
card will always appear on the printout immediately below
the header card as

CARD IMAGE ABC.001.001.I r;ard image

where ABC denotes the input section, the first 00l denotes
the first input statement following the header card, the
second 001 denotes the first card of that input statement,
and the I denotes an integer format interpretation of the
card. .

The follpwing logic is employed on all option cards. The
first integer word INl, on the option card tells the program
whether the limits and options (if any) for that input section
should be interpreted from third and following fields on the
card. If IN1=0O, they are not interpreted. If IN1>0, they
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are interpreted unless the input section does not involve any.
Normally, INl would be greater than zero on the first case.

IN1 would be zero on a change case where the limits and options
from the previous case still apply.

The second integer word, IN2, on the option card tells the
program whether subsequent data cards (if any) for that input
section will be input. The general procedure here is if IN2=0,
no other input is provided for the input section and, if IN2>0,
input is provided (unless that input section has no other input).
In some instances, IN2 may also denote the quantity of input,
e.g., the number of material regions being described.

In a few instances IN2<0, may tell the program to compute the
remainder of the input with no additional data cards for the
input section. In particular, this is the case for all of the
importance sampling parameters. The importance sampling para-
meters will also be computed if they are never input for any case.

After the option card has been fully interpreted according to
the defined input section, storage is then allocated, according
to the latest maximum dimensions, for all data arrays (if any)
associated with input data. If the data will fit, the remainder
of the cards for that section are interpreted. If the data will
not fit the program generates the following error message

*%*INPUT SECTI@UN DATA LIST, INSUFFICIENT STORAGE FPR ACTUAL INPUT*#*%

The search for the next input section then commences.

Several other error messages may be generated during the processing
of an input section., If another input section must be processed
first, the following message appears

N@G@* ABC INPUT SECTIAN MUST BE INPUT BEF@RE THE XYZ INPUT SECTI@N
*NGGE

and the search for the next input section commences. If the
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input section involves any ordered arrays and inversions in
the order of the array elements are detected the following
message 1is generated

N@GZ* N INVERSIZNS IN THE FPLLGWING DATA *N@GH

The array is then listed with the label ERR@R ARRAY appended
at the left side of each printout line.

Several of the input sections involve user-supplied indices
on which data is stored. If one of these indices is outside

the permissible range established by input limits, the follow-
ing message is printed

NgGZ* I IS PUTSIDE THE RANGE 1-IMAX *N@G@

where IMAX is the upper limit on I. The value of I is set
to one by the program and input continues.

3. Fixed Field Input Formats

The program uses a variety of fixed field formats for input
data. These formats have varying combinations of the follow-
ing data fields:

I3 field (3 card columns), integer data

"E9.0 field (9 card columns), decimal data

Only card columns 1 through 72 are used for the data fields.

The formats and the appearance of the corresponding printout
for a card read by that format are summarized below:
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Pormat Printout Line

I(2413) CARD IMAGE ABC.XXX.YYY.I (Qard image
IT(12(213)) JII '
1S(12(213)) .IS

E(8E9.0) .E

EE(4(2E9.0)) .EE

IE(6(I3,E9.0)) .IE

ES(6(13,E9.0)) .ES

S(313,7E9.0) .S

R(1213,4E9.0) Y .R Y

A(24A3) CARD IMAGE ABC.XXX.YYY.A ‘ card imagel

I denotes an all integer format with a maximum of 24 integers
on the card, E denotes an all decimal format with 8 pieces
of data per card. The II and EE indicate formats where

the data is input as logical pairs, e.g., [xi,f(xi)] , =1, 2,...

The IS and ES formats are used for logical pair input where
the first number of the pair is the index of the second
number, e.g., [i, fi]"J =1,2,... The S and R formats were
so designated because they were first used for the description
of surfaces and regions respectively.

All alphanumeric data is entered in a 24A3 format, 3 columns
per data word, 24 words per card. If alphanumeric data is

read during the header card search, the format is designated
H.

If such data is read as a normal part of the data for an
input section it would appear as the A format shown above.
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The ABC in the printout line indicates the input section as
mentioned before, XXX is an internal serial number for the
input statements encountered in section ABC, and YYY is the
serial number of the physical data cards input via input
statement XXX.

Now, as to why all the card images have the information
SECTI@N.INPUT STATEMENT.CARDCHUNT.F@RMAT appended to them.
With the exception of alphanumeric:. data which is always
fixed field, the integer and decimal data are actually
interpreted via a variable field format to be described later.
Since the resulting printout line contains the card image,

it is impossible to tell how the card is interpreted unless

a catastrophic error causes the program to bomb off the
machine while giving a reverse call sequence. By scanning
the printout with the appended information it becomes rather
easy to verify that the card was interpreted in the correct
input section via the correct format, and, with a little more
effort, that the interpretation occurred with the proper
sequential input statement and card count.

Since a variable format is actually used for interpreting

the integer and decimal data from the card image, one relax-
ation in the ASA standards has been made. Namely, all lead-
ing and trailing blanks in a data field are ignored rather

than being treated as zeros. Therefore, integers, including
the exponents of decimal data, do not need to be right adjusted
in the data field. Embedded blanks are treated as zeros in

the usual manner.



Iy, Variable Field Input Formats

The program will also accept integer and decimal data
in a variable length field format. Alphanumeric data is al-
ways entered in the fixed A3 field of the H and A formats.

The data formats given in the detailed input instructions
correspond to using the fixed field input. The use of the
variable length field is signaled to the program by a comma
in the first column of the data card. The absence of the
comma therefore indicates the use of the fixed field format
for that card. With appropriate care, the two formats can
be used interchangeably even within a multiple card input
statement.

The rules followed in preparing variable length field data
are summarized below:

a) Card column 1 must contain a comma (,),

b) before any data is interpreted from the card, the
locations receiving the data are filled with
zeros except for the IS and ES formats where
the locations are not defined,

c) data fields are separated by commasg,

d) a slash (/) indicates immediate termination of

. input for the input statement -- equivalent to a
zero fill, except for the IS and ES formats, due

to b) above,

e) any number of blank columns -- including none --
between two commas is interpreted as a minus zero,

f) data is entered only in card columns 1 through 72,
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g) the comma in card column 1 in multiple card input
statements should be visualized as a comma in column
73 of the preceding card, i.e., the multiple cards
should be visualized as one long card

1 72-73

1U4-145

216-217

3 b
card 1

card 2

)

card 3

’

card 4 ...

€.8., & comma in column 72 of one card followed by a comma
in column 1 of the next card is equivalent to in-
putting one piece of data interpreted as a minus

zZero,

h) data lists on a card exceeding the list length of

the input statement are assumed to belong to the next

input statement,

i) a slash followed by a comma (/,) terminates input
for the present input statement but signifies the
next input statement will continue interpreting

data from the same card; anything else after the
slash indicates the next input statement will start
with the next card,

j) 4if a slash is not followed by a comma, the remainder

of the card is ignored and can be used for comments,

k) the program has a repeat feature such that if an
asterisk (*) is encountered between two consecutive
commas on the same card the columns preceding the
asterisk are the number of entries (a minimum of 1)
of the columns following the asterisk; this repeat
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option can be used to non-zero fill since the
repeat does not continue into the next input
statement and the repeat is truncated -- without
an error indication -- if the number of repeats
exceeds the length of the input sta tement list,

1) all alphanumeric data is entered in a fixed field
format starting in column 1.

Comment cards can be placed anywhere in a data deck except
immediately preceding A format alphanumeric data cards.
Comment cards should contain a C in column 1 and column 2
should be blank. The remainder of the columns can contain
any combination of alphanumeric information.

There are two error messages which are generated during the
interpretation of data cards. Either error will suppresg the
execution of the problem even though the input will continue.
The first message has to do with non-numeric data within the
field

N@GZ*INVALID PUNCHES IN C@LUMNS II-JJ @F CARD ABC.XXX.YYV.F*N@GZ

where ¥ i1s the card format under which the card was originally
interpreted (with variable field input, various formats may be
used on the same physical card). An invalid punch is
interpreted as a zero.

The second message has to do with the exponent of decimal data

N@GE*THE ABSPLUTE VALUE gF THE EXPONENT IN C@LUMNS
II-JJ @F CARD ABC.XXX.YYY.F EXCEEDS ZZ*N@G@

where ZZ is presently 38. The exponent is then fixed in mag-
nitude at 38 with the correct sign.

5. Input Section Formats

The remainder of this section covers the detailed input
instructions for the input sections available to the user
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of the program. The header card identifiers are listed

in Table A.l in the same order as they appear in the in-
structions. The same order should be used in supplying data
with the obvious exception of the control input sections.
Control input sections should be supplied in the order the
user wants the control functions performed with respect to
the other input sections.

In the description of individual cards in an input section,

each card is given an identification of the form ABC.XX.F(format)
where ABC denotes the input section identifier, XX denotes

a serial number, and F denotes a format type. Note that

the serial numbering system used on the input section card
description is not necessarily the input statement number
printed:out when the card is input. It will be for most input
sections, however,

After the card identification is given, a few words are used
to give the card a more meaningful title. Below this, the
data on the card are then described. If the data are all of
the same type there may be a simple explanation of what the
data is, its units (if any), and the order in which it is
input. If the data on the card have different functions

then the data words are numbered consecutively as they appear
on the card and are then described individually.

If variable length input formats are being used, it should be
noted that the option card input statement expects 24 integers.
These and other input statement list lengths are given in

the input instructions.
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TABLE A.1
LIST OF INPUT SECTIONS

ZERout Core

TAPe Units

LABel for Printout

MATerial Compositions

MIXture Table

GAMma Ray Cross Sections

PHOton Cross Sections

MULtigroup Neutron Cross Sections
NEUtron Cross Sections

SECondary Production Cross Sections
ADDress Modification

SPUrce Distributions

PR@files of Source Time Dependence
SURfaces

HELical Surfaces

REGions

CYLindrical Geometry

SPHerical Geometry

ATR Density

CHEck Ray Trace

CgRrelated Calculations

DETectors

FLUx Groups

RESponse Functions

BIRth Regions

@RDer of Scatter

SCAttering Regions

B@Undary Crossings

ANGular Fluxesg



TABLE A.1 (Cont'd)

S¢Lid Angle Fluxes
TRAnslation Time

M@Ments of Temporal Fluxes
TIMe Interval Fluxes

GRPup Edit on Fluxes
NgRmal Derivatives

MINimum Weight Shield
DEPosition in Regions
LEAkage of Energy

CHAnnel Detectors

N@Ise Functions

PL@t Output

QUIck Plot of Results
¢PTimum Importance Parameters
BIAsing Options

PSEudo Spherical Source
RELative Source Importance
RATios of Source Variable Importance
PREferred Point

SPAtial Importance

CAPture Importance

SH@rt Circuit

RgTate and Translate

ARRay Direct Input

DUMp Requests

PRInt Suppression

NEXt Case

EXEcute the Problem
CgNtinue a Previous Run
ST@p Processing



ZERout Core

This section permits a complete erasure of all data in core
so that only subsequent data cards define the succeeding
problem. The random number generator is not reset, so

a different random number sequence will be used for the
subsequent problem than would be used if the problem were
actually the first problem in this run.

7ZER.0.H(24A3) Header Card

Must have ZER in columns 1-3.

7ZER.1.I(24I3) Option Card

1.-24. Input but not used.

ZER~-1



TAPe Units

This section .defines the logical designations of any tape

units used by the program.

TAP.0.H(24A3) Header Card

Must contain TAP in columns 1-3.

TAP.1.I(24I3) Option Card

1. INl, (0,>0)=(no,yes) interpret
this card.

2. IN2, not used.

3. M3, logical designation of
the cross section tape unit

b, MY, logical designation of
the restart tape unit.

5. M5, logical designation of
the collision tape unit.

6. M6, logical designation of
the secondary source tape
unit.

7. M7, logical designation of
the census tape unit.

8. M8, logical designation of
the scratch tape unit.

90-240

Input but not used.

TAP-1

data words 3-8 from

A zero indicates the tape
unit is not used. Supply

a zero tape unit designa-

tion unless directed other-
wise in the input instructions
for the remainder of the
problem.

Affixing a minus sign

to a nonzero unit designa-
tion means that unit will
not be rewound when this
card is read. All posi-
tively designated units

- will be rewound.



LABel for Frintout

This section provides for entering two lines of descriptive
information at the top of each printout page. If not used,
the printout headings will contain asterisks.

IAB.0.H(24A3) Header Card

Must have LAB in columns 1-3.

LAB.1.I(2413) Option Card

1. INl, not used.
2. 1IN2, (0,>0)=(no,yes) cards LAB.2 and LAB.3 are input.
3~-24., Input but not used.

LAB.2.A(24A3) First Label Card

Any mixture of alphanumeric data.

LAB.3.A(24A3) Second Label Card

Any mixture of alphanumeric data.



MATerial Compositions

This input section defines the number of different material
compositions to be used in this and possibly succeeding pro-
blems. More materials can be defined than are actually desig-
nated later to be located in specific regions.

The definition of the compositions requires the input of
the constituent isotopes or elements and their partial density
in each material.

The compositions are defined independent of the microscopic
cross sections since the composition data may be used in
forming macroscopic cross sections for more than one radia-
tion type in a given computer run.

The order in which element data is provided here must also be
followed in later supplying the microscopic cross section data.

MAT.O0.H(24A3) Header Card

Must have MAT in columns 1-3.

MAT.1.I(24I3) Option Card

1. 1IN1l, (0,>0)=(no,yes) interpret limits and options from
this card, data words 3, 4, and 5 below.

2. 1IN2, (0,>0)=(no,yes) data cards MAT.2 are being input.
3. NIMAX, number of elements and/or isotopes.
4, NMMAX, number of materials to be formed from the elements.

5. NUNITD, (O,l):(lo24 atoms/cc, gram/cc) partial density
units option.

6-24., Input but not used.
MAT-1



MAT.2.E(8E9.0) Compositions

Supply this card for each element I=1,2,..., NIMAX starting
a new card for each element.

l. ATW(I), atomic weight of element I (amu)
2. ATN(I), atomic number of element I

3. AT?fl’I) » density of element I in material 1,

. material 2, ..., through material NMMAX

ATD(NMMAX,I)

NOTES:

The partial densities for each material should sum to the
correct reference density for the material. These densities

can then be scaled in the geometry description to account for
regions which have a lesser or greater density. For example,
the compositions for all materials can be specified to yield

a reference density of 1.0 gm/cc. -Then the geometry description

would include density scale factors equal to the actual densitcy
in each. region.

MAT-2



MIXture Table

This input section is used to set up a table of materials for
which only the hydrogen content varies from specified materials
described in the MATerial input section. This capability

is provided for neutron and photon problems only.

MIX.0.H(24A3) Header Card

Must have MIX in columns 1-3.

MIX.1.I(24T3) Option Card

1. 1IN1, (0,>0)=(no,yes) interpret data word 3 from this card.
2. 1IN2, (0,>0)=(no,yes) card MIX.2 is being input.
3. MIXED, total number of mixtures to be formed.

4, NUNITD, (O,l)=(1024atoms/cc, grams/cc) hydrogen density
units. |

5.-24, Input but not used.

MIX.2.IE(6(I3,E9.0)) Mixtures

Supply MIXED pairs of data. The first member of the pair

is an integer denoting the baaic¢ material comprising the

mixture -- a zero indicates none. The second member of each
pair is a decimal number giving the hydrogen content-- replacing
the hydrogen content in the base material--of the mixture with
units according to NUNITD above.

The mixtures defined through this data are given material
indices of NMMAX+l, ..., NMMAX+MIXED, where NMMAX is the
number of basic materiale.

MIX-1



GAMma Ray Cross Sections

This input section provides the microscopic cross section
data necessary for tracking gamma rays. This data includes
the number of energy groups to be used in this problem; the
energy group boundaries, and the microscopic total cross
section data for each element described in the MAT input
section.

GAM.O.H(24A3) Header Card

Must have GAM in columns 1-3,

GAM.1.I(2413) Option Card

1. IN1l, (0,>0)=(no,yes) interpret limits and options from
this card, data word 3 below.

2. 1IN2, (0,>0)=(no,yes) data cards GAM.2, etc. are being
input.

3. NEPMAX, number of photon energy groups.
4,-24, TInput but not used.

GAM.2.E{(8E9.0) Energy Groups Boundaries

This card gives the energy group boundaries in Mev in order
of decreasing energy, ELP(l), ELP(2), ..., ELP(NEPMAX+l).

The cross section data below can be input at different energy
points and is then log-log interpolated to get cross sections
at these energy points.

Supply a set of cards GAM.3, GAM.4, ... for each element,
I=1, 2, ..., NIMAX, in the same order as the compositions
were input,
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GAM.3.I(2413) Element Option Card

1. LRL@PT=0, total cross sections are read on card GAM.5
for energy points defined according to NETAB below.

LRLYPT=1, total cross sections are input via card GAM.6
at energy points defined on card GAM.6.

2. NUNITX,(O,l)=(barns/atom,cm2/gm) cross section unit option.

3. NETAB <O, cross section input energy points are the
same as those on the GAM.2 card.

‘NETAB=0, energy points are the same as for the previously
input element.

NETAB>0, energy break points are input via card GAM..4
below. ‘ '

NETAB is not used if LRLgPT=l.
4, MX, number of points in the total cross section input.
5.-24, Input but not used.

GAM.4.E(8E9.0) Energy Points

Supply this card if NETAB>0, with NETAB energy points in
Mev using decreasing energies.

GAM.5.E(8E9.0) Cross Sections

Supply this card if LRLEPT=0 with MX microscopic total cross
sections for the first MX GAM.2 energy points or the first
MX GAM.4 energy points, XST(1l), XST(2), ... XST(MX).
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GAM.6.EE(4(2E9.0)) Energies and Cross Sections

Supply this card if LRL@GPT=1 with MX pairs of energy and
cross section, ETP(l), XST(l), ETP(2), XST(2), ..., ETP(MX),
XST(MX).
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PH¢ton Cross Section

This input section provides microscopic photon cross section
data. Input includes the photon energy group structure.
Cross section data are tabulated for a separate energy point
table and are log-log interpolated to obtain the data for
the photon energy group boundaries. During calculations,
linear interpolation is used for intermediate energies.

Cross section data for the elements must be supplied in the
order associated with the MATerial compositions.

PH@.0.H(24A3) Header Card

Must have PH@ in columns 1-3.

PHA.1.I(24I3) Option Card

1. INl, (0,>0)=(no,yes) interpret data words 3-5 from this
card.

2. 1IN2, (0,>0)=(no,yes) cards PH@.2, etc. are being input.
3. NEPMAX, number of photon energy groups.

L. NF@RM, number of points in the tabulated form factors
for coherent and Compton scattering.

NF@RM=0, coherent scattering is neglected; all electrons
are assumed free.

5. NEDGES, maximum number of photoelectric edges for any
element, '

NEDGES=0, the photoelectric process is neglected in the
generation of flourescence and/or photoelectrons.
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6.-24. Input but not used.

PHE.2.E(8E9.0) Energy Groups

Photon energy group boundéries are supplied in Mev and des-
cending values, ELP(1l), ELP(2), ..., ELP(NEPMAX+L).

PH¢.3.E(8E9.0) Form Factor Argument

omit this card if NFRM=0. Supply NFPRM values of the electron
momentum (q, dimensionless), increasing values, at which form
factor data will be tabulated. See cards PH@.7 and PH@.8

for more detailed discussion.

Supply PH@.4, etc., cards in sets; one set per element.

PHP.4.1(2413) Element Option Card

1. LRLPPT=0, microscopic cross sections are input for the
energies defined through data word 3 below.

LRL@PT=1, energy points and cross sections are input
in logical pairs; four pairs per card, E., Ty i=1,2,...

'LRL@PT=2, energy points are input starting on one set of

cards Ei’ i=1,2,.., followed by cross sections starting

on another set of cards, o4 i=1,2,...

2. NUNITX, (O,l)=(barns/atom,cm2/gm) cross section units.

3. NETAB, used only if LRLEPT=0.

NETAB<O, energy points for input are identical to card
PH@.2 data.

NETAB=0, energy points defined for the previous element
are used for input data.

NETAB>0, energy points are being input.
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4., MXST, points in total cross section. If not input, MXST=0,

the total cross section is calculated by summing partial
cross sections as defined below.

5. MXSI, points in incoherent scattering (Compton). If not
input, MXSI=0, the cross section is computed internally

neglecting electron binding effects.

6. MXSC, points in coherent scattering (Rayleigh). If not

input, MXSC=0, the cross section is set to zero, consistent

with the Compton option above.

7. MXSP, points in pair productim data. Cross section set
to zero if MXSP=0. ’

8. MXSE, points in the photoelectric data. Cross section set
to zero if MXSE=0.

9. MEDGES, number of edges for this element.

10. MXC@M, (0,>0)=(no,yes) Compton form factors are input.
1l. MXC@H, (0,>0)=(no,yes) coherent form factors are input.
12.-24, Input but not used.

PH@.5.E(8E9.0) Tabulation Energies

Input this card only if NETAB>0. Supply NETAB energies (Mev)
in descending values.

E(8E9.0) . . . .
PH¢.6.{EEE4(2E9.Qﬁ‘yhcro§coplc Cross Sections

Input card PHF.6 for each cross section type for which the
input list length, data words 4 through 8 above, is greater
than zero. Input in that order according to the discussion
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for LRLﬁPT and NETAB on carg PH¢ 4, Start z new card for

each cross section type (and separate tabulation energies if
LRIGPT=2).

PHP.7.E(8E9.0) Form Factor-Incoherent

omit this card if MXC@M=0. Supply NFPRM values of 1- % k(q,2) if
z

1)(q)'2

MXC@#M=1 or k(q,Z) if MXC@M=2, where k(q,Z) =

is the form factor as a function of q corresponding to the q
points listed on the PH{. 3 card.

q =aVv1-2up4+p y = Ey/mocz, p = [l+a(l-n)]'l, and u# is the

cosine of the photon scattering angle .

PHE.8.E(8E9.0) Form Factor - Coherent

Omit this card if MXC@H=0. Supply NF@RM values of IF(q, )l2
MXC@H=1 or F(q,Z) if MXC@H=2 where F(q,Z) is the form factor as
a function of momentum corresponding to the q points listed

on the PHB.3 card and q =av§TT::7'where¢xand u are defined

in conjunction with the PH@.7 card.

PHA.9.E(8E9.0) Photoelectric'Edges

Omit this card if MEDGES=0. Supply four pieces of data for

each edge J -- two edges per card -~ 1n the order of increasing
edge energy.

EDG(J), edge energy in. Mev.

SED(J), edge cross section (maxlmum) - units according to
NUNITX.
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F1#(J), flourescence yleld.

FLE(J), flourescence energy (Mev).

NOTES :

The photon energy group structure supplied on card PH@.2

is also used for the output of photon fluxes unless an alternate
output group structure is supplied via the FLUx group input
section.

Form factor data consistent with the use of MXC@M=MXC@H=2 can

be obtained for many elements from AFWL-TR-65-171, Volume 1.

The values of ETA at which these form factors are tabulated

are 137 times the g values expected by this program on card PH#.3.

This program will also accept LRL format cross sections. All

the above definitions hold except that any of the partial cross
sections controlled by data words 4 through 8 will be accepted

in the LRL format by affixing a minus sign to the data word.

This format contains several integers in columns 1 through 14

of each data card followed by three pairs of energy and cross
section in fields of 10 columns each with the energies in ascend-
ing order. The first 14 columns of the card are ignored by

the program. Data entered using this option is designat=d4

as L format data.
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MULtigroup Neutron Cross Sections

This input section provides multigroup cross section data
for tracking neutrons. The data includes the number of
energy groups and several other limits and options. The
data also describes the energy group structure and the
microscopic cross sections for each element.

The program has numerous options for processing cross section
data, including:

1) transport correction or removal of the transport

correction from the total and elastic transfer
cross sections,

2) processing of P, cross section data to obtain
histrogram transfer probabilities which preserve

moments and are nonnegative,

3) acceptance of DTF-IV format cross section data from
either cards or tape.

These and other options are described below.

MUL.O.H(24A3) Header Card

Must have MUL in columns 1-3.

MUL.1.I(2413) Option Card

1. INl, (0,1l)=(no,yes) interpret limits and options, data
words 3-10 below.

2. IN2, (O,l):(no,yes) input data cards MUL.2, etc.
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3. NEMMAX, number of neutron energy groups.

4, NPRDER, 1 + order of Legendre expansion of cross section
data. |

5. ND@WN, 1 + maximum group-to-group transfer from elastic
collisions. DIF-IV format data will be collapsed to
this value if it is exceeded.

6. INELAS, number of groups from which nonelastic transfer
can be initiated.

7. NTRANS, 1 + maximum group-to-group transfer from non-
elastic collisions.

8. LFIXUP, (0,>0)=(no,yes) use histogram model for P

)/

scattering (use it!),

9. MGSL@W, number of groups which will not be treated
explicitly. Neutrons scattered into the lowest MGSL@W
groups are assumed to slow down locally and the flux
from these groups are an estimate only. The estimate
is better than a strict Monte Carlo calculation in
most cases.

10. NUNITX, (0,1l)=(barns/atom, cmg/gm) cross section units
options.

11.-24. Input but not used.

MUL.2.E(8E9.0) Neutron Energy Group Boundaries

This card gives the neutron energy group boundaries in Mev
in order of decreasing energy, EILM(1),EIM(2),... EILM(NEMMAX+1).
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Supply the following cards in sets, one set for each element,

I=1,2, ..., NIMAX, in the same order as was used to input

material compositions.

MUL.3.I(24I3) Element Option Card - FASTER Format

IMAX, 1 + order of Legendre expansion of cross sections
for this element. Affixing a minus sign to IMAX indicates
the total cross section data which follows has been
transport corrected. IMAX<NPRDER+l. If IMAX=N@RDER+1,
the cross sections are truncated with a correction factor.

NDSM, 1 + maximum elastic group transfer for this element.

KMAX, number of groups for which inelastic transfer is
initiated for this element.

KMX(1),

KMX(J), 1 + maximum group transfer for nonelastlc transfer
initiated in group J.
®

KMX ( KMAX )

MUL.4.E(8E9.0) Total Cross Section - FASTER Format

Total (or transport if LMAX<O) cross section for each energy

group.

MUL.5.E(8E9.0) Elastic Transfer Cross Sections - FASTER Format

omit this card for hydrogen. This contains the Legendre

coefficients for elastic transfer in the following sequence:
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New card

New card

New card

New card

New card

coefficients for PO in group transfer, NEMMAX entries.

coefficients for PO down 1 gfoup'transfer,
NEMMAX-1 entries.

coefficients for PO down NDSM-1 groups transfer,
NEMMAX+1~NDSM entries.

coefficients for Pl in group transfer, NEMMAX entries.

coefficients for PIMAXrPOWn NDSM-1 groups transfer,
NEMMAX+1-NDSM entries.

MUL.6.E(8E9.0) Nonelastic Transfer Cross Sections - FASTER

Format

Oomit this card for hydrogen or if KMAX=O. ~Nonelastic transfer
is assumed isotropic and is supplied in the following sequence:

New card

New card

New card

- cross sections for transfer from group 1 to'groups 1
through KMX(1).

- cross sections for transfer from group 2 to groups
2 through 2+KMX(2)-1.
®

- cross sections for transfer from group KMAX to
groups KMAX through KMAX+KMX(KMAX)-1l.

MUL.7.I(24I3) Element Option Card - DTF-IV Format

1. IMAX,

2. NDSM,

same definition as card MUL.3.

location of the in group scattering cross section

in the data table with a minus sign affixed (the minus
tells the program that the DTF format is being used).
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3. KMAX, length of the cross section table for each energy
group.

Ly, IDEL>0, identification of the PO cross section array for
this element on tape M3 (requires prior input of the
TAPe input section).

IDEL=0, cross sectiam input from cards.

5. MELAST, number of energy groups in input data set.
Only the first NEMMAX groups are used.

MELAST=0, NEMMAX group data are assumed to be input.

6. NGTSEC=0, no effect.

NGTSEC=1, this is a coupled neutron-photon cross section
set and, if the SEC input section has been input, the
microscopic production cross sectionsare stripped from the
input and added to the macroscopic secondary production
cross sections.

7-24. Input but not used.

MUL.8.F(6(I2,A1,E9.0)) Cross sections

This card contains the cross section data in the following order:

(((ak’j’[ > k=1, KMAX), j=1, MAXO(NEMMAX,MELAST)), f=1,IMAX)

A limited version of the DTF format capabilities is provided.
The following interpretations of the data fields are made:

If all three fields of the triplet I2, Al, E9.0 are blank,

no data is assumed. If the first two fields I2, Al of the
triplet are blank and the third field E9.0 is not blank, one
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data word 1is assumed. If the first field I2 is not blank,
then the numerical value of this field is assumed to be the
number of repeats of the data in the third field. Many
other input options are available in the DITF-IV format de-
pending on the entry in the second Al field of each triplet.

These options are not included in this program.
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NEUtron Cross Sections

This input section supplies point value cross sections for

neutron transport problems. All cross sections are in

barns/atom.

NEU.O.H(24A3) Header Card

Has NEU in columns 1-3.

NEU.1.I(24I3) Option Card

l.

IN1, (0,>0)=(no,yes) interpret data words 3-8 from this
card.

IN2, (0,>0)=(no,yes) cards NEU.2, etc. are being input.
NNEMAX, number of energy groups.

NAAMAX, number of points used to tabulate anisotropid
elastic scattering distributions. These distributions
will be linearly interpolated during the calculations.
MAXANI, maximum number of energy groups for any element
for which elastic scattering is anisotropic in the

center-of-mass coordim te system.

NANIS@, total number of different anisotropic angular
distributions for all elements.

NgNELA, maximum number of groups for which nonelastic

scattering can occur.

NDR@PS, maximum number of groups to which a neutron may
be transferred via a nonelastic event.

9,-24, 1Input but not used.

NEU-1



NEU.2.E(8E9.0) Energy Groups

Supply the neutron energy group boudaries (Mev) in the order
of decreasing energy, ELN(1l), ELN(2), ..., ELN(NNEMAX+l).

NEU.2.E(8E9.0) Tabulation Cosines

Oomit this card if NAAMAX=0. Supply NAAMAX values of the cosine
“of the center-of-mass scattering angle in order of increasing
cosine.

NEU.4.I(24I3) Element Options

Supply cards NEU.4, etc. in sets, one set per element in the
order associated with the MATerial compositions.

1. IMAX, number of different models to be used in generating
the nonelastic transfer matrix. See card NEU.9 for more
details.

2. NDSM, number of energy group boundaries with a nonzero,
nonelastic scattering cross section. i

3. KMAX, number of energy groups for which elastic scattering
is anisotropic in the center-of-mass.

KMAX=0, all elastic scattering is isotropic in the
center-of-mass scattering system.

L. KMX(1)

KMX(J)<O, the anistropic angular distribution for energy
group J is the same as for group K = -KMX(J) where K<J.
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KMX(J)>0, the anisotropic angular distribution is input
as tabulated data on card NEU.7 at the center-of-mass
cosines listed on card NEU.3. '

KMX(J)>100, the anisotropic angular distribution is

input on card NEU.7 via Legendre expansion coefficients

to order L = KMX(J) - 101, i.e., KMX(J) - 100 coefficients
are, input (including the P coefficient).

KMX?KMAx)

NEU.5.E(8E9.0) Total Cross Section

The microscopic cross section is input for the energy group
boundaries listed on card NEU.2, NNEMAX+l pieces of data.

NEU.6.E(8E9.0) Elastic Scattering Cross Section
Omit this card for hydrogen. The microscopic elastic
scattering cross section is input for the energy group

boundaries listed on card NEU.Z2.

NEU.7.E(8E9.0) Anisotropic Distribution

omit this card for hydrogen or if KMAX=0. Start a new card

for each energy group J for which KMX(J)>0. Supply these cards
in ascending order of energy group indices. 'The data consists
of either values of the distribution at the cosines listed

on card NEU.3 (if KMX(J)<100)'or Legendre expansion coefficients
(if KMX(J)>100). Neither type of data needs to be normalized --
this is done by the program.

NEU.8.E(8E9.0) Nonelastic Scattering Cross Sections

Oomit this card for hydrogen or if NDSM*IMAX=0. Supply the
nonelastic cross sectim for the first NDSM energy points

listed on card NEU.Z2.
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NEU.9.S/E(3I3,7E9.0/(8E9.0)) Nonelastic Scattering Models

omit this card for hydrogen or if NDSM*IMAX=0. Supply IMAX
sets of this card containing the following data:

1. NGT=1, evaporation model, distribution of.secondary neutron
energies is calculated from p(E') = E' exp [ -E'y/a/E ]
(properly normalized, of course).

NGT=2, discrete level model, distribution of secondary
neutron energies is calculated from p(E') = é(E-a) where «
is the energy level in Mev.

NGT=3, uniform model, distribution of secondary neutron

L Bi<E-a

energies is calculated from #(E') = g

2. MIN, first primary neutron energy group fér which this
model is used (any or all models can apply to any or
all primary energy groups).

3. MAX, last pfiméry neutron energy group for which this
model is used.

4. ALPHA, the numerical value of a for the selected models.

5., PNE(MIN)
.
. .
PNE(J), fraction of nonelastic scattered primary neutrons

in energy group J which interact according to the selected

models.
[ ]
L J

PNE(&AX)
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SECondary Production Cross Sections

This section provides microscopic cross sections for the
production of secondary gamma rays from neutron interactions
or secondary neutrons from high-energy gamma ray interactions.

SEC.0.H(24A3) Header Card

Contains SEC in columns 1l-3.

SEC.1.I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret data words 3-5 from this
card.

2. IN2, (0,>0)=(no,yes) card SEC.2 or SEC.3 is being input.

3. NPEMAX, number of primary energy groups which can initiate
secondary production. These are assumed to be the NPEMAX
highest energy groups.

L, NSEMAX, number of secondary energy groups in which second-
ary particles are produced. These are the NSEMAX highest

energy groups.

5. NUNITX, (O,l)=(barns/atom,cm2/gm) cross section units
option..

6. 1IN6, (0,>0)=(SEC.2,SEC.3) cross section input format.

7.-24. Input but not used.

SEC.2.E(8E9.0 Cross Sections

If IN6=0 input these cross sections in sets, one set for each
element in the order associated with the MATerial compositions.
The set for each element contains the following data:

SEC-1



New card: for primary group 1, secondary production cross
section times the number of secondaries produced
in each secondary energy group, NSEMAX pieces of
o data.

New card: for primary group NPEMAX, secondary production
cross section times the number of secondaries
produced in each secondary energy group, NSEMAX
pleces of data.

SEC.3.F(6(I2,A1,E9.0)) Cross Sections-DTF Format

If IN6>0, input the cross sections in the DTF-ANISN format
in the same order as indicated for card SEC.2. This is the
same order produced on punched cards by P@P@PL.
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ADDress Modification

This input section permits a modification of the input data
indices on which sources, surfaces, regions, and detectors

are entered. Its purpose is to provide a fairly simple means
for combining the geometric descriptions of several independent
problems into one problem. The use of the RPTate input section
may also be required to move portions of the geometry.

ADD.1.H(24A3) Header Card.

Has ADD in columns 1-3.

ADD.2.I(24I3) Option Card

1. INl, (0,>0)=(no,yes) interpret data words 3-6 from this
card.

2. IN2, not used.

3. IADl, index modifier for any sow ce indices input in the
SgUrce or REGion input sections.

L, TIAD2, index modifier for any surface indices input in the
SURf'ace, HELix, REGion, or DETector input sections.

5. IAD3, region index modifier for any region indices input
in the REGion and DETector input sections.

6. IAD4, detector index modifier for any detector indices
input in the DETector input section.

7. IAD5, composition index modifier for any non-zero
composition indices input in the REGion input section.

8.-24, Input but not used.
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S@Urce Distributions

This section defines the spatial, angular and energy dis-
tributions of independent radiation sources. The radiation
type is determined by the last cross section header card
processed.

S@U.0.H(24A3) Header Card

Must have SPU in columns 1-3.

Sgu.1,I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2>0, number of sources being described via cards SﬁU.Z,
etc.

IN2=0, no sources are being input.

3. NVMAX, total number of independent sources.

L, NXMAX, maximum number of points required to tabulate
a spatial or angular distribution. A minimum of two points
is required for any continuous distribution such as equi-
probable azimuthal angles.

5-24, Input but not used.

Spu.2.R(12I3,4E9.0) Fixed Source Constants

Ccard S@U.2 is input for IN2 different sources. This card
indicates whether cards S@gU.3 and S@U.L are required. If
they are required, they are placed immediately behind card
sgu.2.
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1. I, index of source being described, 1sI<NVMAX.

The next six variables depend on the source geometry.

rectangular cylindrical spherical

2. NSG(I) 0 1 2
)

3. NPC(1,I) number of x(cm) r(cm) p(cm)
tabulation

L, Npc(2,I) ) points for y(cm) 6 (radians) 6(radians)

{ {1 for delta

5. NPC(3,I) ;g?gt%gg’c§;¥q z(cm) z(cm) u
tinuous, e.g.

6. NPC(4,I) ggggg:%;:z 6' (radians) o'(radians) ©'(radians)
for isotropic

7. NPC(5,I) L?ources) ) R X !

See Figure S@U.l for the relationships of the variables.

8. MAX, number of energy points or energy groups required
to describe the input spectrum. The input spectrum will
be regrouped internally to conform to the particle group
structure.

9. N@RM, spectrum normalization option (the total source
strength is carried in the spectrum).

N@RM=0, normalize to total source in particles.
NgRM=1, normalize to total source in Mev.
N@RM=2, multiply spectrum by constant.

10. ISP, input spectrum units option.

ISP=0, differential number spectrum at energy points.
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FIGURE S@U-1. SOURCE DISTRIBUTION VARIABLES
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11.

12.

13.

14,

5.

16.

ISP=1, differential energy spectrum at energy points.
ISP=2, groupwise number spectrum (particles in group).

ISP=3, groupwise energy spectrum (energy in group).

JAL, spectrum format option.
JAL=0, alternating values of energy points and spectrum.

JAL=1, spectrum input only using energy previously input
for this case.

JAL=2, energy point input (or calculation)followed by
spectrum input on separate card (or calculation).

IDM, internal spectrum generation option.
IDM=0, no effect.
IDM=1, calculate energy points and neutron fission spectrum.

IDM=2, calculate energy points and black body photon
spectrum.

IDM=3, calculate energy points and.gamma ray fission
spectrum.

TPT, source normalization constant, particles if
N@RM=0, Mev if N@RM = 1, multiplying constant if
N@RM=2 .

XTR(1,I), x component of the translation of the source
coordinate system origin from the geometry coordinate
system origin (cm). '

XTR(2,1), y component of the source translation (cm).

XTR(3,I), z component of the source translation (cm).
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SgU.3.EE(4(2E9.0)) Source Variable Distributions

A distribution function is input for each of the three spatial,
J =1, 2, and 3, and the two angular source variables, J = L,
and 5. The distributions are input in the order indicated

on card SPU.2. A new card is started for each variable.

Each card contains alternating values of the variable and the
relative distribution at the variable, a total of NPC(J,I) pairs.
The first and last values of each variable must be the end
points of the range of that variable. The distribution data

is normalized internally. To avoid numerical difficulties it
is sometimes necessary to decrement the minimum wvalue of a
variable and increment the maximum value. In particular,

for azimuthal distributions use 3.1416 for = rather than
3.14159, A delta function distribution would have one input
pair.

In describing multiple sources, several distribution functions
may be identical. If this occurs for the Jth source variable
simply place the index of the source having the same distri-
bution for its Jth variable in NPC(J,I) (card S@U.2) and affix
a minus sign in front of it. Then omit card S@U.3 for that
variable.

SgU.4,E(8E9.0) Source Spectrum

If ISP=0,1, the differential spectrum is tabulated at discrete
energy points where

E(1) is the maximum spectrum energy (Mev).

E(MAX) is the minimum spectrum energy.

EN(K) is the differential spectrum corresponding to the
Kth energy point E(K). The units of EN(K) are particles/Mev
if ISP=0 or Mev/Mev if ISP=1.
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JAL=0, the input on card S@U.4 consists of alternating
values of energy and spectrum

E(1), EN(1), E(2), EN(2), ..., E(MAX), EN(MAX).

JAL=1, the energy points are already defined by prior
input on card S@U.4 for this case (they will not be
available from a previous case). The input consists
of the relative spectrum at these points

EN(1), EN(2), ..., EN(MAX).
JAL=2, the energy points are defined first

E(1), E(2), ..., E(MAX).

and then followed by another card with the correspond-
ing spectrum

EN(1), EN(2), ..., EN(MAX).

If ISpP=2,3, a groupwise integrated spectrum is tabulated by
group where

EBG(1l) is the upper energy boundary of group 1.

:
EBG(MAX+1) is the lower energy boundary of the last
spectrum group.

ENG(K) is the integral spectrum for the Kth group with
units of particles in group K if ISP=2, or Mev in group
K if ISP=3.
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JAL=0, the input on card S¢U.4 consists of alternating
values of energy group boundaries and group spectrum

EBG(1), ENG(1l), EBG(2), ENG(2), ..., EBG(MAX);
ENG(MAX), EBG(MAX+l).

JAL=1, the energy group boundaries are already defined
and the groupwise spectrum is supplied on card S@U.L.

ENG(1), ENG(2), ..., ENG(MAX).
JAL=2, the energy group boundaries are defined first
EBG(1), EBG(2), ..., EBG(MAX+1).

and then followed by another card with the groupwise
spectrum

ENG(1), ENG(é), ..., ENG(MAX).

The description of multiple sources may involve several sources
which have the same relative spectrum. If this source has

the same relative spectrum as a previously described source,
place the index of that prior source in MAX, affix a minus
sign, and omit card S@PU.4. If this option is used in con-
junction with N@RM=2, remember that the input spectrum of

the prior source has already been normalized.

If ISP=0, JAL=2, and IDM>0, the energy points and spectrum

are computed internally. If, in this situation, IDM=2, or
IDM=3, card SgU.4 is input with one piece of data, a. The
energy points are calculated by subdividing each cross section
group so that the total number of energy points is less than
or equal to the value of MAX on card SgU.2. The relative
spectrum is then calculated at these points as:
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exp [-E/0.965] sinh (2.29E)

3
exp [E/a_]-l.o.

TDM=1, n(E)

"

IDM=2, n(E) =

IDM=3, n(E) = exp.[-oE]

where a« is the black body temperature if IDM=2,

NOTES:

The program assumes the source emits particles at a constant
rate per second equal to the total source strength. This
assumption is modified in time-dependent Versions of the
program by time profiles supplied via the PR@file input
section.
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PR@riles of Source Time-Dependence

This section provides the input description of the time-
dependence of the independent sources. The source time
profiles are input as histogram distribution functions to
simplify the folding of the profiles with the time-dependent
fluxes which are calculated assuming a delta function source
time-dependence. The distributions are normalized internally.

PR@.0.H(24A3) Header Card

Contains PR# in columns 1-3.

PRE.1.I(24I3) Option Card

1. INl, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2, 1IN2, (0,>0)=(no,yes) profiles are input on cards PR@.2.
3. NPFMAX, = total number of time profiles.

L, NPTMAX, number of sections in the time profiles.

5.-24, Input but not used.

PR@.2.EE(4(2E9.0)) Source Time Profiles

The source time profiles are input as histogram distribution
functions. The distributions are normalized internally. A
new card is started for each profile I = 1, 2, ..., NPFMAX,
The data for each profile consists of alternating values of
time (seconds) and the relative distribution (arbitrary units)
for a total of NPTMAX time points -- each profile has the
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same number of points. Time points can coincide and can be
repeated several times to provide the NPTMAX tabulation points.
All profiles are assumed to start at time zero. The relative
form of the data is:

€1s Bys 55 hoy eens Cypmuaxs Pyprmax
where
£(t) = n, O<t<t,
= n, £, <t<t,
®
®
NOTES :

The program will generate a single Poisson time distribution
N lexp (-1),
where 7 = t/a and t is the real time in seconds. On data card
PR@.1

for use in time-dependent problems where p(t) =

3. NPFMAX = O
4., NPTMAX

0
MAJ@R, number of major time steps.

6. MINAR, number of small time steps at the start of each
large time step.

7. N, exponent of r in the Poisson distribution.

Then if MAJ@BR>0, omit PR@.2 and supply

PRP.3.E(8E9.0) Poisson Parameters

Omit this card if MAJSR = O.
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ALPHA, e( seconds) in the Poisson distribution.

TAX (seconds), major time step length,

TMIN (seconcl_s), minor time step length.

TZER (seconds), start time for the first major time step.
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SURfaces

This section provides input for describing quadric surfaces
which form the boundaries of material regions.

SUR.0.H(24A3) Header Card

Contains SUR in columns 1-3.

SUR.1.I(24T3) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2>0, number of surfaces being input on card SUR.Z.

IN2=0, no surfaces are being input.

3. NSMAX, total number of surfaces.

L, NAMAX, maximum number of coefficients in any surface
equation. NAMAX=3 if all the surfaces are planes,
NAMAX=6 if there are any regular curved surfaces, and
NAMAX=9 if there are any rotated surfaces.

5.-24. Input but not used.

SUR.2.3(3I3,7E9.0) Surface Equations

Supply this card for IN2 surfaces.
1. I, index of the surface being described.

2. NTP(I), index (j) of the last nonzero coefficient if
the surface is in the expanded form; calculated internally
for‘all other surfaces.

SUR~1
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3. NEX, form (nx) of the surface as input. O, already in
expanded form. L=<NEX<13, special form as indicated in

Figures SUR.1l, SUR.2 and SUR.3 and Table SUR.Ll.

4, AA(l), first parameter defining the surface.
5. AA(2), second parameter defining the surface.

: .

L 4
10. AA(7), seventh parameter defining the surface.
The requisite parameters are listed in the last column of
Table SUR.l and are input in the order shown. If the surface
is in the expanded form and rotational terms are involved, supply
these on the continuation card SUR.4 before supplying card

SUR.3 for the next input surface,

SUR.3.E(8E9.0) Rotated Surface Equation Terms

Supply this card as required to finish the description of a
surface, omit otherwise.

1. A(7,I), coefficient of xy in the general surface
equation.

2. A(8,I), coefficient of yz in the general surface
equation.

3. A(9,1), coefficient of zx in the general surface
equation.



£-4ns

nx=4

(0,¥:,2

FIGURE SUR.1 PLANE SURFACES
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FIGURE SUR.2 CONICAL SURFACES
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FIGURE SUR.3 ELLIPTICAL CYLINDERS AND ELLIPSOIDS
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TABLE SUR.1
SPECIAL SURFACE EQUATIONS

Last Type

Surface type Surface equation term n, Input
Quadric a_+a.X+a,y+a,z+a x2+a y2+a 22+a Xy+aqyz+a zx=0 J 0 a ,a a

o 1T TRy 5 6 7 8 9 0’7l
Plane | x-axis x=c ‘ : 1 1 c
Plane | y-axis y =¢ 2 2 c
Plane | z-axis zZ =c 3 3 c
Plane || x-axis  (y-y,)/(z-2 ) = (y,-y,)/(2,-2) -3 b y,s2,59152
Plane || y-axis (x—xo)/(z-zo) = (xl—xo)/(zl—zo) 3 5 X 12,,%X)52]
Plane Il z-axis  (x-x_)/(y-y ) = (x;-x)/(y,-y,) 2 6 X ,¥gsX sV,
Cone || x-axis [(y-yo)2+(z-zo)2]%—ro /(i—xo)=(rl_ro)/(x1_xo) 6 7 Vo120 P01 %0 T10%
Cone || y-axis [(x-xo)2+(z—zo)2]%-r'o /(y-yo)=(r'l-ro)/(yl-yo) 6 8 x_,z,,r VTV,
Cone || z-axis <Hx>xo)2+(y-yo)2]%—ro /Qz—zo)=(rl-ro)/(zl-zo) 6 9 X 1Yg1Pg1Z,sT) 52
Cylinder || x-axis (y-yo)g/az ¥ (z—zo)g/b2 =1 6 10 Y, 2852,0
Cylinder || y-axis (x-xo)z/a2 + (z—zo)z/b2 =1 6 11 X:8,2,D
Cylinder || z-axis (x-xo)z/a2 + (y—yo)z/b2 =1 5 12 X,s8,¥4sb
Ellipsoid (x-xo)z/a2 + (y-yo)z/b2 + (z-2 )2/c =1 € 13 X_,8,¥,,0,2,,¢



HELical Surfaces

This input section provides ihput for describing helical @ toroidal)
surfaces. This section is actually an alternate to the SURface
input section and represents an extension of that section.

Since intersections are calculated by an iterative procedure,

regions bounded by these surfaces should be defined so that

the helix makes only a fraction of a turn for each region,

e.g., 45° turn per region.

HEL.O.H(24A3) Header Card

Has HEL in columns 1-3.

HEL.1.I(24I3) Option Card

1. 1INl, (0,>0)=(no,yes) interpret data words 3 and 4.from:
this card.

2. 1IN2>0, number of helical and quadric surfaces being input.

IN2=0, no surface input.

3. NSMAX, total number of surfaces of all types,

4, NAMAX, maximum number of coefficients in any surface
equation, 3 if all surfaces are planes, 6 if there are
any helical or quadratic surfaces, and 9 if there are
any rotated or quadric surfaces.

5.-24, 1Input but not used.

HEL.2.S(3I3,7E9.0) Surface

1. I, index of surface.

HEL~-1



2. NTP, not used.

3. NEX, 16 if the helix turns around the x axis.
17 if the helix turns around the y axis.
18 if %he helix turns araund the z axis.

b, AA(1), X? the origin of the helical surface where
=(x,y,2z) if NEX = 16.
2 =(y,z,x) if NEX = 17.
6. AA(3), x§ =(z,x,y) if NEX = 18,

7. AA(4), L(cm) the period of the helix. If zero, a torus
results.

8. AA(5), R(cm) the distance of the helix centerline from
the axis about which the helix turns.

9. AA(6), a(cm) the radius of the circular cross section
of the helix.

10. Input but not used.

where the helical surface equation is

3 2
¢(r)‘= {[‘xj-x§)2+(xk—x§)2] -R}

0,2 2
1 L —1(""xk) | o 2
+ tan k -(x,-x2) -a
L 2 2T X .-%x0 | i 7i
b zeg) 37

NEX-15
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REGions

This section describes the material regions comprising the
geometry. Care must be taken in describing these regions

to avoid ambiguities. After all data has been input for a
problem, the program checks for some of these ambiguities.
If any errors are detected, the following message is written:

NEGZ*THE PPINT IN REGI@N I IS ALS@ IN REGI@N J*Ngcg

This efror is usually the result of defining regions which
overlap.

REG.0.H(24A3) Header Card

Contains REG in columns 1-3.

REG.1.I(24I3) oOption Card

1. INl, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2>0, number of regions being inpt.

IN2=0, no régions are being input.
3. NRMAX, total number of regions.
4, NBMAX, maximum number of boundaries per region.
5.-24. Input but not used.

REG.2.R(12I3,4E9.0) Regions

Supply card REG.2 (and REG.3 as required) for IN2 regions.
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12.

13.
14,
15.

16.

I, index of the region being described.

ISV(I), index of the volume source superimposed over
this region. O, indicates none.

MTL(I) >0, index of the composition for the region.

MTL(I)=0, the region is void.
NS(1,I), first boundary surface index.

NS(2,I), second boundary surface index. O or blank if
all boundaries have been listed.
[ ]

NS(J,I), Jth boundary surface index. O or blank if

all boundaries have been listed.
®
[ ]

. ;
NS(9,I), >0, ninth boundary surface index if the region
has exactly nine boundaries. O, or blank if all boundaries
have been listed (less than nine boundaries). -1, if the
region has more than nine boundaries; the ninth and re-

maining boundaries are listed on card REG.4.

RH@A(I), density scale factor for the region.

. XR(1,I), x-coordinate of any point in the region (cm).

XR(2,I), y-coordinate of the point in the region (cm).

XR(3,I), z-coordinate of the point in the region (cm).
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REG.3.I(24I3) Additional Region Boundaries

Supply this card(s) for each region having more than nine
boundaries, immediately behind card REG.2 for the region;
omit otherwise. This card contains data up to and including
the maximum number of boundaries (more than 1 physical card
if NBMAX>32).

L. NS(9,I), ninth boundary surface index.
2. NS(10,I), tenth boundary surface index.

3. NS(11i,I), eleventh boundary surface index. O or blank
if all boundaries are lised.

[
NS(NBMAX,l), last boundary surface index. O or blank
if all boundaries are listed.

NOTES:

Restrictions must be impoéed on possible region shapes to
ensure that all points in a region are always on the same
side of each region boundary. For example, the single region
indicated in Figure REG.la is unacceptable since there are
points in the region which are both inside and outside
boundaries A and B. The obvious solution is to use two
regions to describe such geometric shapes.

It is sometimes necessary to introduce fictitious boundaries.
Figure REG.lb shows a typical situation requiring these
boundaries. Examination of the hatched and cross hatched
regions reveals that they form two sections of a single region
since ambiguity indices of the boundaries have the same values
for both sections. This condition can cause trouble if only
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one section of the region is desired, even if other regions
occupy the second section. The specification of the fictitinus
boundary eliminates the problem without otherwise affecting

the geometric calculations. These fictitious boundaries must
be included in the initial surface descriptions.

The final page of printout of each problem is sometimes
helpful in correcting geometric errors. It contains a list-
ing, by region, of the bounding surfaces (with the sign of
ambiguity index affixed)and the region entered the last

time a ray crossed these boundaries (most probable-next-
regions). Most-probable-next-region indices less than zero
indicate that there was no next region and should correspond
to the outer boundaries of the problem. A zero indicates
the boundary was never crossed.
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a. Ambiguous Region Boundaries

Plane Perpendicular to
Z-Axis

\

Concentric Cylinders
Parallel to Z-Axis

Fictitious Boundary

(Plane Perpendicular to
Z-Axis)

b Ellipsoid

b. Disjoint Regions

FIGURE REG.l1 PROBLEMS IN REGION DESCRIPTIONS
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CY¥Lindrical Geometry

This input section permits a simplified input of a symmetric
cylindrical geometry.

CYL.0.H(24A3) Header Card

Contains CYL in columns 1-3.

CYL.1.I(241I3) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data words 3-6 from this
© card.

2. IN2, (0,>0)=(no,yes) cards CYL.2 and CYL.3 are being input.
3. NRRMAX, number of radial subdivisions.
L, NZZMAX, number of axial subdivisions.

5. ISV, index of the volume source superimposed over the.
regions. ISV=0 denotes none.

6. MTL, index.of the material contained in the regions.
The relative density is set at 1.0 unless MTL=0 (void).

7.-24, Input but not used.

CYL.2.E(8E9.0) Radial Boundaries

This card contains the radial boundaries (cm) in increasing
order. A radius of 0.0 must be the first entry on this card
so that a total of NRRMAX+l entries are required.
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CYL.3.E(8E9.0) Axial Boundaries

This card contains the boundaries (cm) of the axial sub-
divisions, a total of NZZMAX+1l entries,.

NOTES::

The program responds to the above input by generating NRRMAX
cylindrical surfaces, concentric with the z-axis and numbered
1 through NRRMAX, and NZZMAX+l plane surfaces, perpendicular
to the z-axis and numbered NRRMAX+1l through NRRMAX+NZZMAX+1l.
The program then generates NRRMAX*NZZMAX regions numbered
outward radially for the first axial zone, then the second
axial zone, etc.
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SPHerical Geometry

This input section provides for input descriptioh of concentric
spherical regions.

SPH.O.H(24A3) Header Card

Contains SPH in columns 1-3.

SPH.1.I(24I3) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data words 3.-5. from this
card.

2. 1IN2, (0,>0)=(no,yes) the spherical region boundaries
are being input on card SPH.2.

3. NSHELL, number of spherical regions to be described.

4, ISV, index of the volume source, if any, superimposed over
the regions, O denotes none.

5. MTL, index of the material located in the regions.
6.-24., Input but not used.

SPH.2.E(8E9.0) Sphere Boundaries

This card contains the outer boundaries (cm) of the spherical
zones in order of increasing radius. The program generates
NSHELL spherical surfaces numbered 1 through NSHELL. It then
generates NSHELL regions also numbered 1 through NSHELL. Each
region is given a density of 1.0 which will be replaced by a
variable air density through the use of the AIR input section.
Additional surfaces and regions can be added to this basic
geometry using the SUR and REG input sections.
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AIR Density

This section provides for input of an exponential atmosphere

to be used in conjunction with the SPH input section for air
transport.problems. The air density is exponentially inter-
polated to obtain the density at the boundaries of the spherical
zones and is then linearly interpolated for particle transport.

AIR.0.H(24A3) Header Card

Must have AIR in columns 1-3.

ATR.1.I(241I3) Option Card

l. INl, (0,>0)=(no,yes) interpret data word 3 from this card.

2. IN2<0, use the built-in air density variation (1959 ARDC)
with altitude. The air composition given in the MATerials
section should have a density of 1.0.

IN2=0, previously defined air density variation holds.

IN2>0, air density profile is input.

3. NAIRPT, number of points in the input tabulation of air
density with altitude.

L,-24, TInput but not used.

ATR.2.EE(4(2E9.0)) Air Density

Supply this card if IN2>0 with NAIRPT pairs of data consisting
of radius (cm) from the earth's center and the air density
relative to the air composition given in the MATerials section.
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CHEck Ray Trace

This input section is utilized in the checkout of complex
geometries. It provides information used by the program to
ensure that ray traces terminate at the outer boundaries

of the geometry rather than at the boundaries of undefined

volumes within the geometry.

CHE.0.H(24A3) Header Card

Has CHE in columns 1-3,

CHE.1.I(24I3) Option Card

1. INl, (0, >0)=(no,yes) interpret data words 3-5 from this
card.

2. 1IN2, (0, >0)=(no,yes) card CHE.2 is being input.

3. NCHECK, total number of region-surface combinations forming
the outer boundary of the geometry.

4, LCHECK=0, no effect.

LCHECK>0, terminate the problem if this number of ray
traces doesn't terminate at the region-surface combinations
tabulated on card CHE.Z2.

5.-24, Input but not used.

CHE.2II(12(2I3)) Outer Boundaries

The outer boundary of the geometry is defined by listing NCHECK
pairs of indices of the region and surface forming the outer
boundary.

CHE-1



NOTES :

If, during a ray trace, a region-surface combination at the
apparent outer boundary of the geometry does not match with one
of the listed pairs, the following message 1s printed

%*¥*RAY TERMINATES AT SURFACE I WHERE IT B@UNDS REGI@N J***

If LCHECK>0, the following information is also printed:

the values of x (the ray origin) including the square and

cross products, the values of ¢ (the ray direction cosine)
including the direct and cross products with x, the square

and cross products of'g, the quantities used in calculating

the intersection of the ray with the surfaces, and the region,
surface crossed, and partial path lengths along the ray.

If LCHECK>0O and the number of errors equals LCHECK, the problem
is terminated with the following message:

***TERMINATING RUN DUE T@ RAY TRACE ERR@RS***

The terminatiam is not immediate. 1Internal counters are set

so that the problem will hopefully make it to the output

routines to give a somewhat normal print of results with possibly
incorrect labeling on the detector index and the number of
histories run.
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CPRrelated Calculations

This section provides for the simultaneous solution of multiple
problems which have small differences in either the source
description or the material composition of regions.

CPAR.0.H(24A3) Header Card

Has C@R in columns 1-3.

CPR.1.I(2413) Option Card

1. IN1, (0,>0)=(no,yes) interpret data words 3.-5. from this
card.

2. IN2>O, number of correlated sources and/or regions being
input on card C@R.2.

3. NCCMAX, number of correlated problems.

4, NCSMAX, number of sources which are different from the
base problem.

5. NCRMAX, number of regions which differ in composition from
the base problem.

6.-24, Input but not used.

CPR.3.I(24I3) Correlation Sets

Supply IN2 sets of this card.

1. I>0, index of the . count on correlated sources.

I<0, index of the count on correlated regions.
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IcS(I), index of the base case source if I>O.

or
ICR(-I), index of the base case region if I<O.

Jgcs(l,I) if I>0.

JCR(1,-I) if I<O.

E
JCS(J,I), dindex of the source to be used in place of
source ICS(I) in the Jth correlated calculation, if I>O,

JCR(J,-I), index of the material in region ICR(-I)
to be used in the Jth correlated calculation if I<O.

®
[ ]
®
JCS(NCCMAX,I) if I>O.

JCR(NCCMAX,-I) if I<O.
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DETectors

This section provides for the description of point, surface,
and/or volume detectors. The transport calculation yields,

as basic output, the differential number flux at each of thesé
detectors. Other optional outputs can be invoked through
other input sections.

DET.0.H(24A3) Header Card

Columns 1-3 contain DET.

DET.1.I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret data word 3 from this card.

2. IN2>0, number of detectors being described via card DET.Z2.

IN2=0, no detectors are being input.
3. NDMAX, total number of detectors.
L4,-24, Input but not used.

DET.2.S(313,7E9.0) Detectors

1. I, index of the detector being described.

2. IDR(I)=0, for point detector.

IDR(I)>0, region index for a surface or volume detector.

3. IDS(I)=0, for a point detector.
IDS(I)=0, for a volume detector.

IDS(I)>0, surface index for a surface detector (the detector
is that part of surface IDS(I) which bounds region IDR(I)).
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4, V@L(I), scale factor for point detector (i e., multiplies
output by this number), reglon volume (cm ) for volume
detector; detector area (cm ) for surface detector
(1.0 yields surface-or volume-integrated fluxes).

5. CDT(1l,I), relative direction cosine with respect to the
x-axis of the unit direction vector used in obtaining
angular fluxeé, e.g., Legendre moments (not used for surface
detectors, angular moments are obtained with respect to
the surface normal).

6. CDT(2,I), relative direction cosine with respect to the
y-axis.

7. CDT(3,I), relative direction cosine with respect to the
z-axis; the 3 direction cosines are normalized by the
program.

8. XDT(1,I), x coordinate if a point detector (em).

9. XDT(2,I), y coordinate if a point detector (cm).

10. XDT(3,I), z coordinate if a point detector (em).

NOTES:

After processing all the input data, the program then generates
particle histories and finally prints the fluxes for each
detector. The output for each detector starts a new printout
page and is headed by the line

**¥*FLUXES FPR DETECT@R I AFTER J PACKETS***

where I is the detector index and J is the number of histories
which were processed. Immediately below this line are column
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headings followed by a printout line for each energy group.

The appropriately titled columns consist of groupwise values

for the coefficient of variation (fractional standard deviation)
of the number flux by group, the average energy for each group
(Mev), the differential number flux for the group (particles/
cmz/sec/Mev), the differential energy flux for the group
(Mev/cmz/sec/Mev), the integrated number flux in each group
(particles/cmz/sec), the integrated number flux down through

the current group (particles/cmz/sec), and finally the inte-
grated energy flux down through the current group (Mev/cmz/sec).

A second set of output is then printed for the detector and
is headed by the line:

*%**NUMBER FLUX RESP@NSES F@R DETECT@R I AFTER J PACKETS#***

The first two columns NUMBER FLUX and ENERGY FLUX, in this

set of output are always obtained and are essentially repeats
of the group-integrated fluxes obtained in the first output set.
Other columns are also printed,with appropriate title of any
response functions input using the RESponse input section.

The lines of output for each energy group are the integrated
response for that group. After all the group lines are
printed, four additional iines are printed, T@TALS consisting
of the total response for all energy groups, MIN ERRZR the
coefficient of variation in the total response if the response
for each energy is independent, M@D ERR¢R the coefficient of
variation using the usual equation for the variance, and

MAX ERRPR the coefficient of variation if the responses for
the groups are strictly dependent.

A final set of output is then printed for each detector and
is labeled
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*%¥*NUMBER FLUX M@MENTS F@R DETECTZR I AFTER J PACKETS#**x

and gives various breakdowns on the differential number fluxes
by energy group. The first column in this set of output is
always obtained. It is labeled ITERANT K and consists of the
average flux for the histories run between the (X-1)th and

Kth print cycles for the problem. Other columns are added
depending on requested output options such as flux by order-

of -scatter (@RD input section), etc. After the group lines

are printed for this output set, the various response functions
are then evaluated by integrating over each column, and are
then printed with appropriate line titles.

The printout would continue in this manner for each detector.
If the problem involved multiple printouts during the cal-
culation, the printout for the next group of histories would
appear farther downstream. The order of printing is reversed
when only point detectors are run. The multiple prints

for detector one are followed by the multiple prints for
detector two, etc. ‘

The input of point detector coordinates for air transport
problems can be accommodated in terms of more convenient para-
meters. The detector index is flagged with a minus sign.

Then the following interpretations are made:

XDT(1,I) = the distance of the detector from the earths
center (cm) -- earth radius = 6.356766x108 cm.

XDT(2,I) = the look angle (degrees) of the detector
measured from the vertical.

XDT(3,I) = the azimuthal angle (degrees) of the detector
measured from the x-axis.

DET-4



PLUX Groups

This section provides for the definition of flux groups
which are different from the cross section groups.

FLU.O.H(24A3) Header Card

Columns 1-3 contain FLU.

FLU.1.I(2413) Option Card

1. IN1, (0,>0)=(no,yes) interpret data word 3 from this
card.

o2, 1IN2, (0,>0)%z(no,yes) flux group boundaries are being
input on card FLU.Z2.

3. NGMAX, number of flux groups.
4,-24, Input but not used.

FLU.2.E(8E9.0) Group Boundaries

Supply the flux group boundaries in order of decreasing energy
(Mev), ELF(l), ELF(2), ..., ELF(NGMAX+l).

FLU-1



RESponse Functions

This input section provides the data for response functions
used to weight the basic number fluxes output for each detector.
The program has tWo response functions built-in, number and
energy flux, to provide for the calculation of the coefficients
of variations on their totals.

RES.0.H(24A3) Header Card

Must contain RES in columns 1-3.

RES.Ll.I(24I3) Option Card

1. 1IN1, (0,>0)=(no,yes) interpret data word 3 from this card.

2. IN2>0, number of response functions being input on card
RES.2 and RES.3.

IN2=0, no responses are being input.

3. NFMAX, total number of response functions besides those
built-in.

L.-24, Input but not used.

RES.2.A(24A3) Response Titles
This card contains a title for each response function being
input. Each title is allowed 12 columns, i.e., the first title

is in columns 1-12, the second in columns 13-24, etc.

RES.3.S(3I3,7E9.0) Response Function

Supply this card (and RES.4 as required) in sets, one set for
each of the IN2 responses being input.

RES-1



10.

I, index of the response function being input.

NFT=0 if this is a number flux response, i.e., reéponse
per‘particle/cm2osec.

NFT=1 if this is an energy flux response, i.e., response
per Mev/cmzosec.

NTL>0, this is an energy absorption response function
for material NTL, omit data words 5-10 on this card.

NTL=0, this is an input-described response function.

SCA, scale factor to convert the response function from
its present units to more desirable units. Do not input
0.0. The units of energy absorption responses, NTL>0, are
Mev/cm per particle/cmzosec, i.e., Mev/cm3.sec.

RSP(1,I), response function at the upper boundary of
flux group 1.
[

.
. N .
RSP(6,I), response function at the lower boundary of flux

group 6.

RES.4.E(8E9.0) Response Continuation Card

Omit this card if NTL>O or if there are less than six flux
groups. This card contains the response function at the lower
energy boundarieg of flux groups six through NGMAX.
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BIRth Regions

This input section provides for the optional output of
obtaining a breakdown on fluxes according to the geometric
region in which the radiation was emitted from an independent
or secondary source. The resulting output for each detector
appears under the general heading

*%%¥NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS¥¥¥

where I is the detector index and J is the number of histories
run. The specific columns are headed SPURCE K where K denotes
the region index. The entries in each column are the differ-

ential number flux (particles/ch/Mev/sec) for each flux

group followed by the contribution to each response function.

BIR.0.H(24A3) Header Card

BIR is entered in column 1-3.

BIR.1.I(24I3) Option Card

1. INLl, (0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, (0,>0)=(no,yes) card BIR.2 is being input.
3. NVM@D, number of regions for which this output is required.

L4,-24, 1Input but not used.

BIR.2,I(2413), Birth Region Indices

List the indices of the regions for which this output is
required, NVM@D entries.
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#RDer of Scatter

This input section provides for a breakdown of fluxes at each
detector according to the number of collisions which the
particles have before reaching the detector. The resulting
output for each detector appears under the general heading

***NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS***

where I is the detector index and J is the number of histories

run.

The specific columns are headed SCATTER K where K denotes

the number of collisions. The entries in the column are

the differential number flux (particles/cmz/Mev/sec) for
each flux group followed by the contribution to each response
function.

@#RD.O .H(24A3) Header Card

Contains @RD in co lumns 1-3.

¢RD.1.I(241I3) Option Card

1. 1IN, (0,-0)=(no,yes) interpret data word 3 from this card.
2. IN2, not used.

3. NCMAX, maximum order of scatter up to which the breakdown
is obtaineﬁ, i.e., NCMAX columns of output are produced
containing the uncollided flux, single scattered flux,...,
(NCMAX-1)th scattered flux.

L4, ,-24, Input but not used.
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SCAttering Regions

This input section will yield a breakdown on the differential
number flux by the region(s) in which the particles scatter.
The resulting output for each detector will appear under

the heading

**%¥NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS***

where I and J denote the detector index and number of histories
_respectively. The columns containing this output will have
headings of the form REGIPN K where K is a region index.

The output in each column consists of the differential

number flux (particles/cmz/sec/Mev) by energy group followed

by the contribution to each of the response functions.

SCA.0.H(24A3) Header Card

Must have SCA in columns 1-3.

SCA.1.I(24T3) Option Card

1. INl, (0,>0)=(no,yes) interpret data word 3 from this card.
2., 1IN2, (0,>0)=(no,yes) card SCA.2 is being input.

3. NSRMAX, number of regions for which the breakdown is
required. '

L4,-24, Input but not used.

SCA.2.I(24I3) Region Indices

Supply this card with the indices of the scattering regions,
NSRMAX entries.
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BfUndary Crossings

This input section provides a breakdown of the particle fluxes
according to region boundaries crossed by the particle in
reaching the detectors. The resulting output for each detector
appears under the heading

*%*NUMBER FLUX M@MENTS F@R DETECTZR I AFTER J PACKETS¥**

where I and J denote the detector index and histories respectively.
The columns containing this output have headings of the form
CRASSING K where K is the index of the crossing. The output

in each column consists of the differential number flux
(particles/cmzosec.Mev) by energy group followed by the
contribution to each of the response functions.

BOU.0.H(24A3) Header Card

Contains B@U in columns 1-3.

BAU.1.I(2413) Option Card

1. 1INi, (0,>0)=(no,yes) interpret data word 3 from this card.
2, 1IN2, (0,>0)=(no,yes) card BgU.2 is being input.

3. NBCMAX, number of different boundaries for which the
breakdown is required. '

L4,-24, Input but not used.

B@U.2,II(12(2I3)) Boundary Definitions

This card contains NBCMAX pairs of numbers. The first number

in each pair is the index of a region. The second number of

the pair is the indéx of a surface bounding that region.
BgU-1



The output is generated for particles which cross the surface
(in either direction) only where it bounds the region.
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ANGular Fluxes

This input section provides for the calculation of angular
fluxes. The output for each detector consists of azimuthally-
averaged Legendre moments of the angular flux. The output
appears under the general heading

***NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS***

where I and J denote the detector index and number of histories,
respectively. The columns containing the output have headings
of the form ANGULAR K where K denotes the Legendre moment

index. The K=-1 moment is thebackward hemisphere component of
the P. moment and the K=1 moment is the forward hemisphere

1
component of the P_ moment. For K>1, the column contains

1
the PK Legendre moment. These moments are generated with
respect to the fixed directions specified in the DETector
input section except for surface detectors. For surface

detectors, the moments are with respect to the surface normal.

The output in each column is the Legendre moment of the
differential number flux (particles/cmz-sec-Mev) by energy
group followed by moments of the response functions.

ANG.0.H(24A3) Header Card

Contains ANG in columns 1-3.

ANG.1.I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2, not used.
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3. NLMAX, number of Legendre moments requested. Output
will include moments to order NLMAX-1,

L, NAFMAX, number of discrete directions at which the
Legendre series 1s to be evaluated.

5.-24, Input but not used.

NOTES:

If NAFMAX>0, additional output is generated on the last
print cycle for each detector, This output appears after
the regular outputs and has the general heading

***ANGULAR FLUXES FgR DETECTﬁR I AFTER J PACKETS**%*

where I and J are the detector index and number of histories,
respectively. Individual columns have the headings C¢S=1X.XXXX
where +X.XXXX is the cosine of the polar angle with respect

to the direction associated with the detector. NAFMAX polar
angle cosines are generated by the program, equally spaced |
between -1.0 and +1.0 including these points. The output

in each column. is the azimuthally-averaged differential

angular number flux (particles/cmz-sec-Mev-steradian) by

energy group followed by the contributions to the angular
responses (response/steradian)

ANG-2



SgLid Angle Fluxes

This input section will providé angular fluxes for each
detector which are averaged over specified solid angle elements.
The output for each detector appears under the heading

***NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS**¥

where I and J are the detector index and number of histories,
respectively. The individual columns are headed by CONE K
where K is the index of a solid angle element. The oﬁtput
in each column consists of the average differential angular
number flux (particles/cm%-sec-Mev-steradian) by energy
group followed by the contribution to the response functions
(response/steradian).

SPL.0.H(24A3) Header Card

Contains S@L in columns 1-3.

SPL.1.I(2413) Option Card

1. IN1, (Q,>O)=(no,yes) interpret data word 3, from this card.
2, 1IN2, (0,>0)=(no,yes) card S@L.2 is being input.

3. NABMAX, number of solid angle elements.

L4,-24, Input but not used.

S@L.2.E(8E9.0) Solid Angle Boundaries

This card contains four pieces of data for each solid angle
element--two elements per card. The data for each element
in the order of input, are the lower and upper limits on

SPL~-1



the azimuthal angle (-véoré m) and the lower and upper limits
on the cosine of the polar angle. The azimuthal and pdlar
angles are measured in a rotated coordinate system whose

z axis is along the direction associated with each detector.
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TRAnglation Time

This input section provides for the translation of the time
scale at each detector to make the physical numbers more
manageable. The time input in this section for each detector
is subtracted from the particle flight time before any time-
dependent tallies are made for the detector.

TRA.O.H(24A3) Header Card

Has TRA in columns 1-3.

TRA.L.I(24I3) Option Card

1. INl, not used.
2. 1IN2, (<£0,>0)=(no,yes) card TRA.2 is being input.

‘IN2 = -1, the minimum time is computed internally as

the time required to travel from the center of the
closest source to the detector for particles in the most
energetic energy group.

IN2 = -2, the minimum time is computed internally as the
required time required for light to travel from the

closest source to each detector.

TRA.2.E(8E9.0) Minimum Flight Time

This card contains the minimum time (sec) required for particles
to travel from a source to each detector in the order of
detector index, one entry for each detector described via

the DETector input section. For secondary particle transport
problems, this time includes the flight time of the primary
particles. '
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M@Ments of Temporal Fluxes

This input section provides for the calculation of temporal
moments of the particle fluxes. The output for each detector
appears under the heading

***NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS**#*

where I and J denote the detector index and number of histories,
respectively. The columns containing the output have the

heading TEMP@PRAL K where K is the index of the moment. The

output in each column consists of the Kth moment of the

differential number flux, i.e.,};(t)tht (particles/cmzose «Mev),
by energy group followed by the moments of the response function.

cl-K

M@M.O0.H(24A3) Header Card

This card has MgM in columns 1-3.

M#M.1.I(2413) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2, (0,>0)=(no,yes) card MgM.2 is being input.
3. NTMAX, number of temporal moments.

4, NTAMAX, number of times at which the time dependence
is to be reconstructed from the moments.

5.-24. TInput but not used.
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MgM.2.E(8E9.0) Evaluation Times

This card contains NTAMAX times (sec) in ascending order at
which the time dependence wlill be reconstructed from the
temporal moments.

NOTES :

If NTAMAX>0, additional output is generated for each detector.
This output is generated after all other output for the
detector and is headed by the line

***TEMPPRAL FLUXES F@R DETECTPR I AFTER J PACKETS F@R TIME PREFILE K***

where I denotes the detector index, J the number of histories,
and K the source time profile. K=0 corresponds to a delta function
source profile.

The columns under this heading are labeled. by the times at
which the time dependence is evaluated. The entries in the
columns then consist of the differential number flux (particle/

cm /sec/Mev) by energy group followed by the time-dependent
responses.
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TIMe Interval Fluxes

This input section provides for the calculation of time in-
terval averaged temporal fluxes. The output for each detector
appears under the heading

***NUMBER FLUX M@MENTS F@R DETECTPR I AFTER J PACKETS***

where I is the detector index and J is the number of histories.
The columns containing the output have the more specific
heading TIME BIN K where K 1s the index of the time interval.
The output in each column consists of the differential number
flux (particles/cmz-sec-Mev) by energy group averaged over the
Kth time interval followed by the contribution to each response
function and caldulated as though all particles started at

time t=0.

TIM.0.H(24A3) Header Card

This card must contain TIM in columns 1-3.

TIM.1.I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret data word 3 from this card.
2. 1IN2, (0,>0)=(no,yes) data card TIM.2 is being input.

3. NTBMAX, number of time intervals.

4.-24. Input but not used.

TIM.2.E(8E9.0) Time Interval Boundaries

This card contains the maximum time (sec) boundaries, in
ascending order, for the time intervals, NTBMAX entries.

TIM-1



GRgup Edit on Fluxes

This input section provides for an edit of fluxes at each detector
by the energy group in which particles were emitted from the

gource.

GRA.0.H(2LA3) Header Card

Has GR@ in columns 1-3.

GR@.1.I(24I3) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, not used.

3. NGR@UP, number of groups for which the edit is required.
These will be the NGRGUP highest energy groups.

4,-24, Input but not used.

NOTES :

The output generated for each detector appears under the heading
***¥NUMBER FLUX M@MENTS F@R DETECT@R I AFTER J PACKETS**%*

The output appears under the columns headed GRAUP K where K

is the index of the source group, K=l,2,...,NGRbUP. The

entries in the column are the differential number flux

2
(particles/cm - 8ec-Mev) by energy group followed by the in-
tegrated response for each response function.

GR@-1



NgRmal Derivatives

The section specifies the locations at which partial derivatives
of the fluxes with respect to normal thicknesses of a region
dimension are to be calculated.

NGR.O.H(24A3) Header Card

Has N@R in columns 1-3.

NgR.1.I(24I3) Option Card

1. 1INl, (0, >0) interpret data words 3 and 4 from this card.
2. 1IN2, (0, >0) cards NPR.2 and N@R.3 are being input.

3. N@RMLD, number of locations at which normal derivatives
are requested.

4, N@RCPM, number of subsegments of the flux where each sub-
segment involves different combinations of the N@RMLD
possible locations which particles can cross in arriving
at a detector, i.e., one subsegment may consist of fluxes
due to particles which cross all N@RMLD locations, another
subsegment may consist of fluxes due to particles which
do not cross any of the NYRMLD locations, etc.

5.-24, Input but not used.

NPR.2.II(12(2I3)) Partial Derivative Locations

This card contains NORMLD pairs of numbers giving the indices
of the region and corresponding surface at which normal deriva-
tives will be calculated.

N@R-1



N@R.3.I(24I3) Normal Derivative Components Definition

This card defines the dependence of the N@RCEM components of
the fluxes. N@RCEM cards are entered in sets for each detector
in the problem, a total of NDMAX sets. Each of the cards in

a set contains N@RMLD numbers giving the indices of the

normal derivatives which each of the flux components sees.

If one component involves all of the normal derivatives, the
data card would contain the integers 1 through N@RMLD. If
another component involves only the Ith normal derivative,

the first piece of data on the card would be I followed by
N@RMLD-1 zeros, etc..

NOTES:

The output resulting from this input appears after the optimal
flux edits and is headed by the line.

*¥*¥SHIELD DERIVATIVES F@R DETECT@R I AFTER J PACKETS*%*

The columns under this heading consist of the energy group
index, the total differential flux (particlés/cm2-sec-Mev)——'
labeled SEGMENT I where I is the index on the N@RCPM components,
and the derivatives of the flux (particles/cmz-sec-Mev)/cm --
labeled NYRMAL J where J is the index on the NORMLD possible
derivatives. After the results are printed for each flux

group, the response function weighted values are printed with
the response title on the left side of. the printout.

N@R-2



MINimum Weight Shield

This input section will cause the program to calculate a minimum
weight shield configuration using the derivatives resulting
from the N@R input section.

MIN.O.H(24A3) Header Card

Has MIN in columns 1-3.

MIN.l.I(24I3) Option Card

1. IN1l, (0,>0)=(no,yes) interpret data words 3-6 from this

card.

2, IN2, (0,>0)=(no,yes) cards MIN.2 and IN2 cards MIN.3 are
being input.

3. IPRESP, index of the response function to be used in
defining the dose rate for the primary radiation type
if this is a primary only problem. If this is a primary
plus secondary problem, IPRESP is the response function
index for the secondary problem.

4, ISRESP, index of the response function for the primary
particle if this is a primary and secondary problem.

5. ITPRIN, number of iterations in the shield optimization
between prints.

6. ITERMX, maximum number of iterations in the shield op-
timization.

7-24. Input but not used.
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MIN.2.E(8E9.0) Dose Rate Constraints

This card contains the dose rate constraint for each detector,
NDMAX entries.

MIN.3.S(3I3,7E9.0) Shield Definitions

Input card MIN.3 IN2 times.

I, index of the shield based on its order of definition
in the N@R input section.

IGS(I), (0,1,2)=(rectangular,cylindrical,spherical), shield
geometry type.

IDF(I), index of the next shield lying at a larger radius
than this shield. Not significant if all shields have
rectangular geometry. A zero would be input for the ocuter
shield of a series of concentric cylindrical or spherical
shields.

TIN(I), initial thickness (cm) of this shield.
TMN(I), minimum thickness (ecm) of this shield.

TMX(I), maximum thickness (cm) of this shield.

RIN(I), inner radius (cm) if this is the innermost shield
of a set,

RSH(I), density (gm/cm3) of the shield material times any
non-built-in geometric factors (area for rectangular,
height for cylindrical).
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9, DWN(I), maximum weilght increment (gm) per iteration.

10. Input but not used.

NOTES :

The output generated from thie input appears after the derivative
information is printed. The output is preceded by the line

***SHIELD @PTIMIZATIUN FZR DETECTPR T***
Each print cycle is preceded by the lines

***TTERATIPN***WEIGHT (GM ) ¥ ¥*¥D@SE( 1 ) ***¥DFSE (2 ) ¥ **DPSE ( TPT ) ¥ ¥*UNSHIELDED ** *

J W Dl D D D

2 t u

where J is the number of iterations during the shield optimiza-
1 is the
dose rate due to the last particle type,i.e.,primary if only

tion, W is the total shield system weight (grams), D

a one-particle type problem-secondary if a primary plus secondary
problem, D2 is the dose rate from primary particles in a primary
plus secondary problem, Dt-is the total dose rate, and D, is

the dose rate due to particles which did not cross any of the
shields.

Following the above lines, are lines labeled DIMENSIONS, the
thickness of each shield in cm; WEIGHT(GM), the weight of the
individual shields; DWDT(GM/CM), the partial derivatives of the
total shield weight with respect to thickness, DDDT( /CM)

the partial derivatives of the dose rate with respect to thick-
ness, and DDDW( /GM) the ratios of the dose and weight
derivatives.
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The last set of output during the optimization iterations is
preceded by the line

***TERMINATION=K(0/1/2/3 )=(DIMENSION C@NSTRAINTS/ITERATIANS/
UNSHIELDED/D@SE C@NSTRAINT) ***

and indicates the condition under which optimization terminated.
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DEPosition in Regions

This input section instructs the program to calculate. the
energy deposited in each region for problems which include
one or more surface and/or volume detectors.

DEP.0.H(24A3) Header Card

This card must have DEP in columns 1-3.

DEP.1.I(24I3) Option Card

1. INl, (0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, not used.

3. NDEP@S, (0,>0)=(no,yes) calculate energy deposition.

NOTES :

The output from this option is printed preceding the output
for the individual detectors. The output is headed by the
line

***ENERGY DEP@SITI@NS F@R CALCULATIGNAL SET K¥%

where K is a sequential number of the base-line problem
and any correlated problems described via the C@R input section.
The output includes x,y, and z coordinates of a point in the
region to simplify the region identification. The output

also includes the coefficient of variation of total deposition
(ERR@R), the total deposition (MEV/SEC), the deposition from
particle histories terminated due to energy cutoff (E-CUTZFF),
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the deposition from particle histories terminated at the
collision cutoff (C-CUT@FF), and finally the deposition due
to weight cutoff (W-CUTYFF). ‘
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LEAkage of Energy

This input section instructs the program to calculate the energy
leakage at the outer boundaries of the problem for those
problems which contain surface and/or volume detectors.

LEA.0.H(24A3) Header Card

Has LEA in columns 1-3.

LEA.1.I(24TI3) Option Card

1. 1INl, (0,>0)=(no,yes) interpret data word 3 from this card.
2. 1IN2, not used.

3. NLEAKS, number of different region-boundary combinations
from which leakage can occur.

L4,-24, TInput but not used.

NOTES:

The output associated with this section appears just before
the output for the individual detectors. The output is headed
by the printout line

*%*ENERGY LEAKAGES F@R CALCULATIANAL SET K¥*x

where K is a sequential numbering of the base-line problem
and any correlated problems input via the C#R input section..
The output includes the region and surface indices for the
boundaries through which the leakage occurred, the leakage
in Mev/sec and the computed coefficient of variation. The
total leakage is also output.

LEA-1



CHAnnel Detectors

This input section provides for the calculation of detector
responses as a function of the energy deposited from a
primary particle.

CHA.O.H(24A3) Header Card

Has CHA in columns 1-3.

CHA.l.I(24I3) Option Card

1.

5.

IN1l (0,>0)=(no,yes) interpret data words 3-5 from this card.

IN2>0, card CHA.2 and card CHA.3 for IN2 channels are input.

IN2=0, cards CHA.2 and CHA.3 are not input.
NUMV@L, number of channel detectors.

NUMREG, maximum number of regions to be included in
the definition of a channel detector.

NCEMAX, number of energy channels.

6.-24, Input but not used.

CHA.2.E(8E9.0) Channel Boundaries

This card contains the upper energy boundaries (Mev), in
decreasing order, of the channels -- a total of NCEMAX entries.
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CHA.3.I(24I3) Channel Detectors

This card describes the sensitive volume for each channel
detector.

1. I, index of the detector.
2. MX,Vnumber of regions comprising the detector.
3. NUM(1,T)

: . indices of the regions cbmprising the detector.
NUM(MX,I)

CHA-2



NgIse Functions

This input section provides the capability for analytically
calculating the effect of electronic noise on the count rates
of channel detectors.

NAI.O0.H(24A3) Header Card

Contains N@I in columns 1-3.

NgI.1.I(24I3) Option Card

l. IN1l, (0,>0)=(no,yes) interpret data word 3 from this card.
2. 1IN2, (O,>O)=(no,yés) card NGI.2 is being input.

3. N@ISE, number of different noise functions.

4,-24, Input but not used.

NGI.2.E(8E9.0) Gaussian Parameters

This card contains the noise parameters consisting of the full
width at half maximum in Mev, a total of NPISE entries.

NOTES:

The outbut for each channel detector appears unfier the normal
output and is headed by the line

***CHANNEL AND THRESHALD CGUNT SPREAD DUE T@ NPISE**»

The columns under this heading are the channel index, the upper

and lower energy boundaries of the channel and then pairs of

columns for each noise function. The first column of each pair
contains the adjusted count rate for each channel. The second column
is the threshold count rate for all channels down through the

given channel.
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PLGt Output

This input section provides for the plotting and punching
of calculated quantities.

PLA.0.H(24A3) Header Card

Columns 1-3 contain PLg.

PL@.1.I(24I3) Option Card

1. 1INl, (0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, not used.

3. NpPLgT, (0, 1, 2,3) = (neither,plot,punch,both) option
for the differential number flux at each detector.

4,-24, Input but not used.
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QUIck Flot of Results

This input section provides a graphical printout of calculated
results. The output is provided only on the last print cycle.

QUI.O.H(24A3) Header Card

Has QUI in columns 1-3.

QUI.Ll.I(24I3) Option Card

1. INL, (0,> 0)=(no,yes) interpret data word 3 from this card.
2. 1IN2, (0, >0)=(no,yes) card QUI.2 is being input.

3. NQUICK, number of different quick plots.

L4,-24., Input but not used.

QUI.2.II(12(2I3)) Plot Requests

This card contains NQUICK paire of integers. The first integer
IQU(I) of each pair usually denotes the quantity (ordinate)
being plotted. The second integer JQU(I) usually denotes the
independent variable (abscissa).

NOTES :

The requested plots appear after the normal printout of the
quantities being plotted. Present options include:
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I1QU(I) JQU(I)

1. DEPosition 0 versus region index
1,2 or 3 versus region x,y, or z
coordinates
4.5 or 6 versus region radius 1

X,y, or z-axis

7 versus region spherical
radius
2 LEAkage output O,L,..,7 versus outer region index,
coordinate or radius as in
DEP output.
3 CHAnnel output 0 counts in channel vse.

channel index

1 counts in channel vs.
channel energy

2 cumulative counts vs.
channel index

3 cumulative counts va.
channel energy

10 Total flux 1 differential number flux
Versus energy

11 Flux by source

region 2 differential energy flux

versus energy

12 Scattering region 3 cumulative number flux
versus energy

13 Order of scatter 4 cumulative energy flux
VEersus energy

14  Angular moment
15 Temporal moment

16 Boundary crossing
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17
18
19
21

29

30

IQU(I)

Solid angle element
Time interval

Initial group

Response by source region

Response by initial group

Shield optimization output

QUI-3

0
1

JQU(I)

response functlion index
total number flux
total energy flux

dose versus iteration
weight versus iteration

shield thicknesses versus
. Lteration



@PTimum Importance Parameters

This input section tells the program to calculate, based on
partial derivatives of the variance, better importance sampling

parameters.

@PT.0.H(24A3) Header Card

Has @PT in columns 1-3.

PPT.1.I(2413) Option Card

L. INl, (0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, not used.
3. N@BIAS, (0,1l)=(no,yes) calculate optimum importance.

4,-2L, TInput but not used.

NOTES :

If the value of NPBIAS=1, additional output is generated for
each response function. The output appears just below

the total response and response error output and is preceded
by the printout line

***SUGGESTED CHANGES IN THE IMP@RTANCE SAMPLING PARAMETERS **%

This line is followed by printout lines labeled SPA I. The
rumbers on this line are suggested changes in the spatial
importance of region I for each response function. If these
suggested changes are used for a particular response function
they would be entered via the SPA input section. After all
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the spatial importance parameters are printed, four lines
labeled PRE I, I=1,2,3 and 4 are printed. These lines contain
csuggested values of AT, BT, AS, and BS which are entered via
the PRE input section. The four PRE lines are followed by
three lines labeled PSE I, I = 1,2 and 3 containing suggested
changes for the values of ATA, ATB, and ATC entered in the

PSE input section.

The next series of lines are labeled REL I where I is a source
index and correspond to the relative source importances defined
through the REL input section. The final set of lines are
labeled RAT 10*¥I+J where I is a source index and J=1,2,...,5
corresponding to the relative importance of source variables
entered via the RAT input section.

If the problem was run for secondary particles a second set

of similar output is generated and contains suggested importance
parameter increments in the primary particle run to improve

the secondary calculations.

Both the REL and RAT labeled output contain output for one more
source than was specified in the SgU input section. The REL
labeled output is of no consequence. The RAT labeled output
for the additional source is important for the angular biasing
of secondary sources.
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BIAsing Options

This input section provides for changing the probability
density function models used in selecting source and scatter-

ing points.

BIA.0.H(24A3) Header Card

Contains BIA in columns 1-3.

BIA.1.I(24I3) Option Card

l.

IN1=0, no effect. '
IN1»0, interpret data words 3-6 from this card.

IN2>0, no effect
IN2<0, set up the models according to the buillt-in
criteria.

M@DELP, option for selecting initial particle coordinates.

M@DELP=0, select the source and then select the spatial
source variables in the coordinate system for that source.
This model must be used if there are one or more point
sources, e.g., when running secondary source tapes.

This model uses built-in data which may be changed via

the REL input section for selecting the source and built-in
data which may be changed by the RAT input section for
selecting the spatial variables.

M@DELP=1, the spatial coordinates are selected using

a spherical coordinate system centered at the "preferred
point". The built-in preferred point can be changed

via the PRE input section for surface and volume detector
problems. For point detector problems where each detector
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is run separately, the preferred point is the detector
being run. To use this option all sources must be
volumetric with each source volume completely covering
one or more regions. To restrict the range of the solid
angle part of the spherical coordinate selection process,
a pseudo spherical source which completely contains all
the volume sources is built-in but can be changed via

the PSE input section.

The program built-in option is M@DELP=1 unless one or
more sources have discrete values for one or more of
their spatial variables; in this event M@DELP=0.

M@DELQ, initial direction selection model.

M@DELQ=0, select the angular source variables in the
source coordinate system. This model must be used 1if
any sources have a discrete value for either or both
of the angular source variables. The built-in data
used to select the angular variables can be changed
via the RAT input section.

M@DELQ=1, select the initial direction as though the
initial source point were a scattering point, i.e.,
according to M¢DELV below. The direction before scatter-
ing is defined as a unit vector from the center of the
sphere containing all the sources to the selected source

point. All the radiation sources must be angular or
isotropic.

MbDELQ;Z, like M@DELQ=0 except the angular source variables
are defined in a rotated coordinate system with the z'-axis
towards the preferred point.

The program built-in option is M@DELQ=1 unless one or more
gources have discrete values for one or more of their angular

variables; in this event M@DELQ=O.
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5. M@DELU, distance to scattering point selection model.

M@DELU=0, use the exponential transformation.

M@DELU=1, use a curve fit of an approximation to the
optimal pdf for the distance to collision.

M@DELU=2, for individual point detectors use the exponential
transformation and the approximate optimal criterion for

the decision on whether to work forward or backward in
selecting the distance to collision.

M@DELU=3, for individual point detectors use the curve
fit and the optimal criterion for the forward-backward
decision. This is the model built into the program.

M@DELV, scattered direction selection model.

M@DELV=0, select the polar angle first measured from

the direction before scattering. Then select the azimuthal
angle measured from a unit vector directed towards

the preferred point.

M@DELV=1, select the polar angle first, measured from

the direction towards the preferred point. Thenselect
the azimuthal angle measured from the direction before
gcattering. '

MODELV=2, very strong preference towards preferred point.
Do not use this model.

MUDELV=4, the unit directions towards the preferred

point and in the direction before scattering are

welghted by approximate importance to give an overall
preferred direction from which the polar angle 1is measured.
Azimuthal angles are selected as being equiprobable.

This is the model built into the program.
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M@DELE, energy importance. The importance of particles
in each energy group is proportional to B” where E 1is
the midpoint energy and n=M@DELE.

MZDELE=1 is built in, i.e., the relative importance of
equal weight particles is set equal to their energy.

M@DEIM, (0,1l)=(continuous,discrete) treatment of energy
dependence. M@DEIM=0 is built in. If M@DEIM=1, the
spectrum of energies spanned by a packet is sampled to
produce a single mono-energetic packet equivalent to a
discrete energy particle.

M@DELR, (0,1)=(yes,no) play Russian roulette with the

packet based on its last contribution to the calculated
results. This is a two step decision based on the contribu-
tion from the current collision of a history compared

to contributions from all previous collisions of the same
history and on the contribution from this history compared
to the contribution from all the previous histories.
M@DELR=0 is built in.

10.-24, 1Input but not used.
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PSEudo Spherical Sources

This input section defines the sphere enclosing all volume
sources which is used to restrict the solid angle range for
the M@DELP=1 option.

PSE.O0.H(24A3) Header Card

Has PSE in colﬁmns 1-3.

PSE.1.I(24I3) Option Card

1. INl, not used.

2. 1IN2, (0,>0)=(no,yes) card PSE.2 is being input.

IN2<0, the built-in data is used, omit card PSE.Z2.
3.-24. Input but not used.

PSE.2.E(8E9.0) Spherical Source

1. RADIUS, radius (cm) of the smallest sphere which encloses
all the sources.

2. XCT(l), x-coordinates (cm) of the center of the sphere.
3. XCT(2), y-coordinates (cm) of the center of the sphere,
I, XCT(3), z-coordinates (cm) of the center of the sphere.

5. ATA, spherical pseudo source sampling, polar angle
importance adjustment.

ATA=1.0, all angles equally important. This is built in.
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ATA>1.0, shifts importance towards small angle.

ATA<1.0, shifts importance towards large angle,
numbersin the range 1.0sATA<10.0 work fine. (This
number must be greater than 0.0)

ATB, spherical pseudo source sampllng, azimuthal angle
importance adjustment. '

ATB=1.0, all angles equally important.
ATB>1.0, shifts importance towards 0°.
ATB<1,0, shifts importance away from OO.

This angle is measured in a rotated coordinate system
and a little difficult to relate to the true coordinate
system. The usual procedure is to use ATB=1.0 (this
number must be greater than 0.0) -- the built-in value.

ATC, spherical pseudo source sampling, spatial importance
adjustment. The built-in value is ATC=0.7.

ATC=1.0, uses bullt-in estimate of spatial importance.

ATC>1.0, shifts importance to lower source energies
(source points closer to the detector).

ATC<1l.0, shifts importance to higher source energies
(source points further away).

General use of numbers 0.7<ATC<l.3 yield good results.

(The program can be tricked for leakage-type surface and
volume detector calculatlons by putting the preferred
point. in the center of the source and u31ng ATC=-1.0).

ATD, flux contribution importance used in cutoff consid-
erations; if all contributions to all detector groups on
2 successive inner iterations of a given outer iteration
are less than ATD times the flux already obtained in this

outer iteration, then the inner iterations are terminated.
The built-in value is ATD = 0.00l.
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RELative Source Importance

This input section provides the relative importance of each
source to be used with M@DELP=0 in the selection of the
source from which a particle starts.

REL.0.H(24A3) Header Card.

This card has. REL in columns 1-3.

REL.1.I(24I3) Option Card

1. INl, not used.

o. 1IN2, (0,>0)=(no,yes) card REL.2 is being input.

IN2<0, define the source importance internally and omit
REL.2.

3.-24., Input but not used.

REL.2.E(8E9.0) Source Importance

This card contains the relative importance of each source,
a total of NVMAX entries. Any input source which should
not be used for this problem should have an entry of 0.0.
The built-in definition of these data uses the total source
intensity in Mev/sec as the importance.
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RATios of Source Variable Importance

This input section gives the preferred value of each source
variable and the relative importance of the preferred value
expressed as a ratio.

RAT.0.H(24A3) Header Card

Contaihs RAT in columns 1-3.

RAT.1.I(24I3) Option Card

1. INl, not used.

2. 1IN2, (0,>0)=(no,yes) card RAT.2 is being input.

IN2<0, use built-in definitions and omit card RAT.Z2.
3.-24., TInput but not used.

RAT.2.E(8E9.0) Source Variable Importance

This card is input as two physical cards per source with a
set of cards for each source, NVMAX sets--2*NVMAX cards.

The first card of each set contains the preferred value of
each of the 5 source variables (3 spatial - 2 angular) in the
order defined on card S@U.2. This preferred value must be

in the range of the wvariable given on card S@U.3 including
the end points. The second card of each set gives the
relative importanoe'—— expressed as a ratio -- of the preferred
value of the variable to the end point farthest away from it.
The numbers on the second card of this set must be greater
than zero since their logarithms are calculated.



The first three parameters on each card are used if M¢DELP—O
The last two are used if M@DELQ=O0.

i

If these data are computed internally, they are defined so that

the sampling is equally probable over the range of each
variable,
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PREferred Point

This input section defines the preferred point for surfaces

and/or volume detectors.

PRE.O.H(24A3) Header Card

This card must contain PRE in columns 1-3.

PRE.1.I(24I3) Option Card

L.

2.

IN1, not used.

IN2, (0,>0)=(no,yes) card PRE.2 is being input.
IN2<0, the built-in data is used. Omit card PRE.Z.

3.-24, Input but not used.

PRE.2.E(8E9.0) Preferred Point

DELTA, radius (cm) of a sphere which covers the volume
in space where fluxes are being calculated. The center
of this sphere is the preferred point if NPPINT=0.
BDC(1l), x-coordinate (cm) of the center of the sphere.
BDC(2), y-coordinate (cm) of the center of the sphere.

BDC(3), z-coordinate (cm) of the center of the sphere.

AT, scaling factor for the spatial importance on the
first leg of the scattering triangle.

AT=1.0, uses built-in parameters.

AT<1.0, shifts importance to higher energies.
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AT>1.0, shifts importance to lower energies.

General use of numbers 0.6<AT<l.2 yields good results
(must be greater than 0.0). AT = 0.9 is built-in.

BT, scaling factor for the spatial importance on the
second leg of the scattering triahgle;'should approximate
higher order scattering effects, so it is generally less
than AT. BT=0.7 for photons and BT=0.5 for neutrons are built-in.

| .
If M@DELU=0, it must be less than AT in absolute magnitude,
i.e., BT<AT.

Numbers on the order.of 0.4<BT<0.9 yield good results.

If the trick mentioned in discussing ATC is used, it
should also be used here; i.e., -0.9<BT < -0.4., This number
cannot = 0,0.

AS, scaling factor for preferred direction (towards
detector) importance.

AS=1.0, uses built-in parameter.
AS>1.0, forces even more.
AS<1l.0, forces less.

AS=0,0, yields no effect.

AS<0.0, forces away and should be used when ATC and
BT are < 0.0,

Use of 1.0 yields good results for point detectors (built-in

value).

BS, scaling factor for scattered direction importance.
BS=1.0, uses group-averaged parameter.
BS>1.0, forces even more.

BS<1.0, forces less,

BS=0.0, no effect from scattered direction.

Use of 1.0 yields good results (built-in value).
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SPAtial Importance

This input section provides for an artificial increase in the
importance of scattering in selected regions, particularly
useful in generating secondary sources.

SPA.0.H(24A3) Header Card
Must have SPA in columns 1-3.

SPA.1.I(24I3) Option Card

1. IN1l, not used. . |

2. IN2, (0,>0)=(no,yes) card SPA.2 is being input.

IN2<0O, built-in definition is used and card SPA.2 is
omitted. '

3.-224, Input but not used.

SPA.2.E(8E9.0) Importance Factors

This card contains the relative importance of scattering
in each geometric region, a total of NRMAY entries.
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CAPture Importance

This input section will eliminate the strong forward bias

used in calculating fast neutron dose and substitute a more
analog bias consistent with calculating good capture source
distributions. The decision is made at random on each neutron
collision.

|
CAP.0.H(24A3) Header Card

Contains CAP in columns 1-3.

CAP.1.I(24I3) Option Card

1. INl, not used.
2. 1IN2, (0,>0)=(no,yes) card CAP.2 is being input.
3.-24, Input but not used.

CAP.2.E(8E9.0) Capture Model Probabilities

This card contains an entry for every region, NRMAX total
entries. Each entry is the probability, given that a collision
occurs in the region, that the packet will be followed by

an "analog" rather than a strongly biased technique.
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SHfrt Circuit

This section provides for the definition of a sphere of

influence such that if a particle and point detector are

on opposite sides, the plane defining the half 'spaces used

. in the selection of the next scattering point subdivides the

line between the particle and detector at the intersection
of the line with the sphere rather than at the line midpoint.

SHA.0.H(24A3) Header Card

Contains SH@ in columns 1-3.

SHP.1.I(24I3) Option Card

]-I

2.

IN1, not used.

IN2, (0,>0)=(no,yes) card SH#.2 is being input.

IN2<0, use built-in definition and omit card SH@.2.

3.-24, Input but not used.

SHE.2.E(8E9.0) Sphere

1.

DIM, radius (cm) of sphere.
CAR(1), x-coordinate (cm) of sphere.
CPR(2), y-coordinate (cm) of sphere.

COR(3), z-coordinate (ecm) of sphere.
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PTH(1), detector out, particle out of sphere ), minimum

PTH(2), detector out, particle in sphere

PTH(3), detector in, particle out of sphere

PTH(4), detector in, particle in sphere

‘SH@-2

probability
with which the
scattering point

~1s selected by

working back-
ward from the
detector



RgTate and Translate

This input section provides for the rotation and/or translation
of surfaces, points in region, detector points, pseudo source

centcr, preferred point, and sources.

RPT.0.H(24A3) Header Card

Columns 1-3 contain R@T.

RAT.L.I(24I3) Option Card

1. 1IN1,{(0,>0)=(no,yes) interpret data word 3 from this card.
2. IN2, (0, >0)=(no,yes) card R@T.2 is being input.

3. NR@TRA, total number of rotationsand/or translations.

I, -24, Input but not used.

RAT.2.R(12I3,4E9.0) Rotation Parameters

Input this card NR@ZTRA times.

L. NAXIS, (1,2,3) = rotate (x into y, yinto z, z into x).
NAXIS=0, translation only.

2. MINS, index of first surface. MINS=0, no surface operations.
3. MAXS, index of last surface.
4, MINR, index of first region. MINR=0, no region operations.

5. MAXR, index of last region.

R@T-1



10.
11.

12,

13.

14,

15.

16.

MIND, index of first detector. MIND=0, no detector operations.

MAXD, index of last detector.

mM(8), (0,>0)=(no,yes) operate on pséudo source center.
IDM(9), (0,>0)=(no,yes) operate on preferred point.

IDM(10), index of first source to be rotated or trans lated.
IDM(11), index of last source to be rotated or translated.
Input but not used.

THETA#0.0, rotation in degrees.
THETA=0.0, translation.

XTR(1) )
XTR(2) origin for rotation if NAXIS>0,
XTR(3) translation vector (cm) if NAXIS=0.
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ARRay Direct Input

This section can be used for direct input of the elements
in a data array. The use of this sectim can simplify the
data input for some problems. However, an intimate know-
ledge of the program is recommended before using this input
section. The array names are given in Appendix C.

ARR.O.H(24A3) Header Card

Columns 1-3 must contain ARR.

The name of the array is extracted from the first set of

3 nonblank columns starting with column 7 or 10, or 13, ...,
or TO.

ARR.1.I(241I3) Option Card

1. 1IN1l, (0,>0)=(no,yes) interpret data words 3-12
(as required) from this card.

2. 1IN2, (0,>0)=(no,yes). card ARR.2 or ARR.3 is being input.

3. IFT=1, the elements of the array are being input between
specified limits on I,J, and K (all arrays are assumed
3-dimensional)

IFT=2, the index of each element (as a one-dimensional
array) is read and then the element is read -- logical
pair input. This option is not available for BCD arrays.

IFT=3, the entire array is being input.

I, MNK = number of logical pairs being input if IFT=2.
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5. MXK 1

6. MDK

7. MNJ

8. MXJ

used only if IFT=1;

9. MDJ see ARR.2 below
10. MNI

11, MXI

12. MDI J

13.-24. Input but not used.

I(2413)
ARR.2.{E 8E9.0)} Array Elements
A(24A3)

Input all array elements on this card if IFT=3.
If IFT=1, input the following elements:

(((ARR(K,J,I),K=MNK,MXK,MDK),J=MNJ,MXJ,MDJ),I=MNI,MXI,MDI)

ARR.3.{ %22%?%%{%%;)} Index and Array Elements

If IFT=2, input MNK pairs of data consisting of the index of
an array element followed by the element itself.

ARR-2



DUMp Requests

This section provides for the dumping of specified named common
blocks and arrays at selected points in most subprograms.
See Appendix C for the common blocks and arrays.

DUM.O.H(24A3) Header Card

This card has DUM in columns 1-3,.

DUM.1.I(24I3) Option Card

1. IN1, (G, >2)=(no,yes) interpret data words 3 and 4 from
this card.

2. IN2, (0, >0)=(no, number of dump requests) input on cards
DUM.2 and DUM.3.

3. NDUMPS, number of dump points.

4, NVAMAX, maximum number of arrays to be dumped at a
dump point.

5. NCBMAX, maximum number of named common blocks.
6.-24. Input but not used.
Input cards DUM.2 and DUM.3 in sets, a total of IN2 sets.

DUM.2.I(24I3) Dump Limits

1. I, index of the dump request, 1<IKNDUMPS.

2. NVA(I) , nhumber of arrays in this dump request.
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~J

NVA(I)<O0, use array list for dump request J = ~NVA(I).
NVA(I)z500, dump all arrays.

IFN(I), dump point, e.g., 1 = subroutine entrance point,
9 = exit point.

NDN(I), index of the first pass through the routine on
which the dump will be given.

NDX(I), index of the last pass on which the dump will
be made.

MXC, number of common blocks to be dumped.
MSCz2100, dump all common blocks.

Indices of named common blocks, e.g., 41 for named common
C4l; omit if MSC=2100.

DUM.3.A(24A3) Subroutine and Array Names

1.-2. name of the subroutine in which the dump will be made.

3.,4,..., names of arrays to be dumped or blanks. Omit if

NVA(I) = 500.

Blank A3 words on this card are ignored so that the input
can be prepared in a more readable manner.
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PRInt Suppression

This section permits suppression of printing of input card
images with the exception of header cards and comment cards
encountered while searching for a header card. This section
also permits the resumption of printing card images following
a prior suppression. The suppression does not carry over

into succeeding cases.

PRI.O.H(24A3) Header Card

Must contain PRI in columns 1-3.

PRI.1.I(24I3) Option Card

1. IN1, (0,>0)=(no,yes) interpret the third data word on
this card.

2. IN2, not used.
3. LINgUT, (0,1)=(yes,no) print input card images.

4,-24, Input but not used.

PRI-1



NEXt Case

This control section tells the program to proceed to the
next case without executing the problem data. The program
responds by incrementing the case index and initializing the
page and line count indices.

NEX.0.H(24A3) Header Card

Must contain NEX in columns 1-3.

NEX.1.I(24I3) Option Card

1.-24. Input but not used.
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EXEcute the Problem

This section tells the program that all the necessary inputs
have been provided. The program then allocates storage

for additional arrays used during the execution of the
problem. A printout line is then written.

*%¥THIS CASE USES I L@CATI@NS F@R INPUT, J LGCATI@NS TP RUN***

If any errors are detected during data input, the above
line is followed by the line

**%*PRYCEEDING T¢ THE NEXT CASE**x

and the execution is not performed. If the input data is
acceptable, the following line is printed

GP*GY*GI*GP*GP*GP* G
and the problem is then executed.

EXE.O0.H(24A3) Header Card

Must have EXE in columns 1-3.

EXE.l.I(24I3) Option Card

1. 1IN1, (0,>0)=(no,yes) interpret data words 3-6 from
this card.

2. IN2, not used.

3. NPOINT=0, calculate fluxes for surface, volume and/or
point detectors using only one set of particle histories.
Any point detectors should not lie in a source volume
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or scattering medium if a meaningful, finite variance,
answer is desired.

NP@INT=1, calculate fluxes for point detectors using

a different set of particle histories for each detector.
Point detectors can be located anywhere since the
history set generated for each detector ensures a finite
variance flux calculation.

4, NPRINT >0, number of printouts of calculated fluxes
during the calculation. The intermediate prints permit
partial salvage of the results for problems which
terminate abnormally. Alternatively, if a nonzero restart
unit is designated on card TAP.l, the problem data will
be saved on the restart'tape at the start of each print
loop for possible use later; see the C@Ntinue input
section.

NPRINT=0, the program performs all steps up to the
actual execution of the problem and then proceeds to

the next case even though the error indicator is not
set,

5. NUNITS, number of histories to be generated between
each printout.

6. KALIDE, maximum number of collisions per particle,

T.--24, TInput but not used.

EXE-2



C@gNtinue a Previous Run

This input section tells the program to read the restart
tape generated during a previous run and continue execution
of the problem on that tape. '

CgN.0.H(24A3) Header Card’

Must contain C@N in columns 1-3.

CgN.1.I(24I3) Option Card

1. 1INl, (0,>0)=(no,yes) interpret data words 3-6 from this
card.

2. 1IN2, not used.

3. NP@INT )

L4, NPRINT : Same definitions (possibly
different values) as the

5. NUNITS same variables in the EXEcute
input section

6. KALIDE J

7.-24. Input but not used.

C@N-1



ST@¢p Processing

This section permits termination of the computer run by a
programmed stop rather than terminating the run by encount-
ering an end of file while trying to read input data for

a nonexistent problem.

ST@.0.H(24A3) Header Card

Must have ST@ in columns 1-3.

ST@.1.I(24I3) Option Card

1.-24, Input but not used.

ST@-1



Appendix B
SAMPLE PROBLEM PRINTOUT

This appendix contains the complete printout from a sample
problem. The problem involved the calculations of dose rates
at a specified point from primary neutrons and photons and
from secondary photons for a spherical reactor-shield con-
figuration. The dose rates and dose rate derivatives with
respect to shield thickness were then used to calculate a
minimum weight shield configuration. The complete problem
description and results of full length runs are given in
Volume I of this report.

The printout includes all the data card images -- with one
exception -- so a separate listing of these data cards is
not given. A part of the lengthy printout of microscopic
cross section card images is not included. Numerous comment
cards are included in the data deck to clarify the problem
description.



- _CARD IMAGE LAB,001,002,1

~CARD IMAGE LAB,002,002,A

L BEERERRRRRRRERRRERR R RS RER]1234567890123454789

THE FASTER=III PROGRAM ****************************¢***mtt**t*t***#x#***tt*tt******t*************CASE 1
T.M.JORDAN-AoR.ToRESEARCH*#*****************#*#********************************t*****t*t****t**t***PAGE 1

"tttiii#**t*ii*ttt****t*********************ttttttttt***tt*t*******t**tttttt*tttt***t*tt***#t**t*t*t***t*t*t

CARD IMAGE *#%%,000,001,H

CARD IMAGE =»#%,000,002,H

CARD IMAGE xx%,000,003,H

BRokkok ok ok Rk kR Rk kx 123456 78901234567890123456789012345678901234567890123456789012345678901234567890
_CARD. IMAGE TAP,000,001,H _ -

CARD IMAGE TAP,001,001,1

CARD IMAGE TAP,001,002,1
.CARD_IMAGE TAP,001,003,I ~C M5 = 9, NEUTRON COLLISION PARAMETERS WILL GO ON_THIS TAPE

CARD IMAGE TAP,001,004,I
*‘******************‘**************************************#**************************************t*****t**

—RRERERERARRRERRRARRRR R £k 21 2345678901234547890123456789012345678901234567890123456789012345678901234567890

CARD IMAGE LAB,000,001,H

CARD IMAGE LAB,001,001,I

CARD IMAGE LAB,001,003,I
CARD IMAGE LAB,001,004,1
CARD IMAGE LAB,002,001,A

C ZEROUT INPUT SECTION IS NOT INPUT SIMCE CORE 1S ZEROEp BEFORE FIRST CASE
C ZEROUT SECTIgn WOULD BE USED BETWEEN MULTIPLE INDEPENDENT PROBLEMS
C ZEROUT DOES noT ZEROUT TAPE LOGICAL DESIGNATIONSe EVERYTHING ELSE

TAP E UNITS . )
C IN1 = 1, TAPE UNITS ARE BEING SPECIFIED
C IN2 = 0» NOT ySED

1 0 0 0 9 0 0 O :

LAB EL FOR PRINTOUT

C IN1 = 1» NOT ySED ANYWAY

C IN2 = 1, LABEL CARDS ARE BEING INPUT _

C NO COMMENT CARDS CAN FOLLOW THE NEXT CARD SINCE AN A FORMAT IS USED FOR INPUT
1 1 '

ok kg g kxR kR AUNTT SHIELD TEST PROBLEMARERRkSnkkhakksfokkhhh bk . e

HREREREEEERAT R RA KA ERRRARPRIMARY NEUTRONSH Ak s ak kR ab bk kb bk gk g

***#t#‘**********#***#***t********#******t**#********#**********#*******t****t**t*t*‘t*****t**#*##‘#‘t#**t#

~ CARD IMAGE MAT,001,003,1

CARD IMAGE MAT,000,001,H
CARD IMAGE MAT,001,001,1
CARD IMAGE MAT,001,002,1

12345678 7890123456789012345678901234567890123456789012345678901234567890
MAT ERIAL COMPQSITIONS

C INL = 1, LIMITS AND OPTIONS ARE BEING INPUT

C IN2 = 1» COMPQSITIONS ARE BEING INPUT o

C NIMAX = 9, NINE ELEMENTS IN COMPOSITION TABLE

CARD

- CARD IMAGE MAT,001,004,1 C NMMAX = 7, SEVEN MATERIALS ARE BEING DEFINED
CARD IMAGE MAT,001,005,I € NUNITD = O(IMpLIED), COMPOSITIONS IN E+24 ATOMS/CC o
CARD IMAGE MAT,001,006,1 01011907/
CARD IMAGE MAT,002,001,E C HYDROGEN
CARD IMAGE MAT,0024002,E  +140813+1s,0197,09,0451s+05160,058,,0645/ H -
CARD IMAGE MAT,003,001,E C BERYLLIUM :
CARD IMAGE MAT,003,002,E 19.01304+00,12,
CARD IMAGE MAT,004,001,E C BORON o ] B
CARD IMAGE MAT,004,002,E 21195999+ .000671/9,0007669,000862,,000958/ B
CARD IMAGE MAT,005,001,E C OXYGEN
116989 4011469,,,02359,0268,+0302,,0337/ 0 i

IMAGE

MAT,005,002,E

01,E C ALUMINUM

S P

SN



THE FASTER=ITT PROGRAN sokkk bkt ¥y €a gkt NIT SHITLN TEST PR U LE ok kAR Rk ook ok sk ok k ok kCAGE 1
T o e JORNDAN=A o[ o ToilFSEARClid d% % ko ¥4 ¥ ok ooy dok ko 0ok kR 4 PRIMARY MEUTE D5 K ok bk ok £ 8ok Kok ook ok ok ok R ko DA E <

o ok R SR oo KK R KOK K K KRk K KRR R IR R RO KR AR KRR ¥ R ok R KO KKk R R ROk Rk
***************************1234567ﬁ00123455789012345678901234567890125&567390123456789012345678901234567890

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

IMAGE
IMAGE
IAGE
TUAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

MAT,006,002,E
MAT,007,001,E
MAT,037.002,E
MAT,008,001,E
MAT,008.002,E
MAT,039,001,F
MAT,009,002,E
MAT,.010,001,E
MAT,01C0.002,E

126,9811%0,505] 2h/

C ZIRCCHTUN

291 ,220400,01 747/

L TUHGSTEM

2 183,86, THy

C URANIUR 235

12355992, ,300979/,

C URAMIIEY 2328

’ ?53.07,()2'7.8_5, ’ .0482' 001446' '00964' .00‘43‘,2/

********tt#********************************t***************************************************************

CARD
CARD
CARD
CARD
CARD

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

*x%%,000,001,H
*%%x,000,002,H
*%%,000,003,H
*%%,000,0004 ,H
*%%,000,005,H

C MIX TURE TARLE IS NOT INPUT

GAM MA RAY CROSS SECTIONS ARE NOT INPUT

PHO TON CROSg SECTIONS ARE NOT INPUT

HUL TTSROUP pUTROM CROSS SECTIONS wILL F IiPUT OUT OF ORDER
HEU TROM CROSS SECTIONS ARE NOT BEING INMPUT

OO

****t**********************123u567Rﬂo123455789012345678901234567890123456789012345678901234567890123“567890

CARD
CARD
CARD
CARD
CARD

. CARD

CARD
CARD
_ CARD
CARC
CARD
 CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

i
W

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
I*AGE
IMAGE
IMAGE
IMAGE

SEC,000.001,H
SEC,001,001,1
SEC,001,002,1
SEC,001.,003,1
SEC,001.004,1
SEC,001,005,1
SEC,001.006,1
SEC,.001,007,1
SEC,002.,001,E
SEC,002,002,E
SEC,028,001,E
SEC,028.002,F
SeEC,028,003,E
SEC,054,001,E
SEC,054,002,E
SEC,060.001,E
SEC,.066.,001,E
SEC,072.001,E
SEC.078.,001.E

SEC ONDARY PROpUCTION CROSS SECTIONS

IN1 = 1, LIMITS AND OPTIONS ARE BEING INPUT

IN2 = 1y MICROSCOPIC DATA IS BEING INPUT

MPEMAX = 26, TWENTY=SIX PRIMARY GROUPS (M UTRON)

HGEMAX = 15, FIFTEEN SECONDARY GROUPS (PHOTON)

NUNITY = 0(IwpLIED), CROSS SECTIONS IN PAOTOL*BARMNS/ATOM

IN6 = O0(IMPLIEN), SEC,2 INPUT FORMAT FOR MICROSCOPIC DATA

1 1 26 15

HYDRCGEN, AL ZEROES ARE INPUT(NEUTRON CAPTURE DATA 1S BUILT IN)
Y Y A A A A Y Y A A A A A A AV AV A AN AN A YAV AN s,
C BERYLLIUM DATA,» ALL ZEROES, ACTUAL DATA ~ILL BRE STRIPPED FROM
COUPLED NEUTRON PHOTOM MULTIGROUP DATA

v /vl sl la v tapnlo vl e lvle /vl v /v /ol /vl 0/ /0 /0 /0 /0/ BE
€ BORON CAPTURE, MICROSCOPIC DATA IS NOT AVAILABLE IN COUPLED SET
v 11%07 1267911400 e1527011%004166/911%09e148/011%09¢135/911%00.125/
oll*Op.099/.11*0,.069/,11*0v.066/011*09.103/011*00-095/011*000059/
p11*0p.051/.11*0;.071/011*00.122/911*09.269/!11*0!y835/011*001.61/
p11%003,2970 11500 7481/911%001643/9011%0928¢5/9111%0049.0/911%008642/
011%001414/911%0+668./

OOOOO0

[g]

(o]



THE FASTER-III PROGRAM AR R AR KA kg kkk ok kkkUNIT SHIELD TEST PROBLEM********************t****CASE 1
TeMeJORDAN=ASR, T, RESEARCH*****************************PRIMARY NEUTRONS # ok ok kR Kook koo ok ok kg kk ke kkk PAGE 3

_v******t***************************************************#********************t********#********#*ﬁt*t***

kAR Rk kR Rk bk ko k k%% 1 2345678901234567890123456789012345678901234567890123456789012345678901234567890
IMAGE SEC,080.,001,FE

CARD
CARD
CARD

__CARD_

CARD
CARD

IMAGE

IMAGE
IMAGE

IMAGE

IMAGE

SEC,080.002,E
SEC,1064001,E
SEC,132,001,E
SEC,158,001 ,E
SEC,184,001,E

__QABD_lMAGE"§E_;_AQ OQL.E

*********t****************************************************************#**************t****ttt********#t
tt*************************12345678901234567890123“567890123456789012345678901234567890123“5678901234567690
- _CARD IMAGE MUL,000.,001,H

CARD IMAGE MUL,001,001,I
- CARD IMAGE MUL,001,002,1
CARD IMAQ__MUL.OOI.OOS 1.

C OXYGEN

AN A AN AN NN Y VAN AN AN AN RN AN AN AV AN AN A A A AN YRV AV A
N AN VA R VN AN AN A N AN Y VAV VAN AVAY AN AN YA &\ .
A A YAV VAV AN AN AN N AN AN VAV AV AV A VANA VAN AV AT A 4i
A A A Y N AN AN AN AN Y AV AV RV AV RV AV AV AV AV A VAV AT |
v/l v/l el lo s /v sv s vl v/l v/l 0 s el v /v /v /0 /el ) US
ANV AN AN AV AV AV AN AV AN AV AV AV AV VANV VA VAYAYAYAYAY A}

_MULTIGROUP _ e
CINl =1 LIMITS AND OPTIONS ARE BEING INPUT

C IN2 = 1» MICROSCOPIC CROSS SECTIONS ARE BEING INPUT

_C NEMMAX = 26, TWENTY SIX NEUTRON ENERGY GROUPS R

CARD IMAGE MUL,001.,004,I C NORDER = 1, TRANSPORT CORRECTED CALCULATION
CARD IMAGE MUL,001, oos I C NDOWN = 4, powyN 3 ELASTIC SCATTER
CARD IMAGE MUL, oo;ﬂooe 1 __ C INELAS = 16, INELASTIC SCATTER CAN INITIATE IN TOP 16 GROUPS _
CARD IMAGE MUL,001,007,I C NTRANS = 16, INELASTIC SCATTER CAN TRANSFER NEUTRONS TO 16 FINAL GROUPS
. CARD IMAGE MUL,00%, ooa I CLFIXUP = 1» H4ISTOGRAM FIXUP FOR P SUB L TRANSFER PROBABILITIES
: CARD IMAGE yUL.oox.oos.I € _MGSLOW = 10, pIFFUSION MODEL FOR BOTTOM 10 GROUPS . s
CARD IMAGE MUL,001,010,I 1 126 1 4 16 16 1 10 _
| CARD IMAGE MUL,002,001,E C ENERGY GROUP ROUNDARIES
| _CARD IMAGE MUL,002,002,E 14,92 12,21 10,0 =~ 8,19 6,07 4,97 4,07 3,01 1.3.%
. CARD IMAGE MUL,002,003,E 2,47 2,23 1.83 1,35 i.11 0,91 0,55 0,41 1.3,2
CARD IMAGE MUL,002,004,E 0,11 0,018 0,00335 0,000583 0,000101 2,90 =51,07 =53,06 «61¢3,3
CARD IMAGE MUL,002,005,E 1,13 =64,10 =70,0 -7 . L I 163,84
CARD IMAGE MUL,003,001,1 € HYDROGEN OPTIoN CARD( FASTER FORMAT)
CARD IMAGE MUL,003,002,I 1 26 H=TOTAL
CARD IMAGE MUL,004, o,q_;_AE,~ C HYDROGEN TOT4i CROSS SECTION o o ] o
. CARD IMAGE MUL,004,002.E 0.,7331 0.3705 1.0277 1,2808 1,5243 1,7408 2,0799 2.4088
CARD IMAGE MUL,004,003,.E 2,6425 2,8788 3.3221 3,7966 4,2483 5,1394 6,2448 99,2469
CARD IMAGE MUL..004,004,.E 15,5361 19,1853 19,8069 20,1413 20,2952 20,3923 20,6466 20,9659
CARD IMAGE MUL,004,005,E 21,471023,8
CARD IMAGE MUL,005,001,1 ¢ BERYLLIUM DATA 26 NEUTRON 15 GROUP GAMMA NASA LEWIS
CARD IMAGE MUL,005.002,I C LMAX = 4, P3 pATA 1S BEING INPUT o .

CARD IMAGE EUEQUBSQDUS:I

TCTNDSM = &, LOcATION OF IN GROUP SCATTER IN TABLE




THE FASTER=III PROGRAM sk skkkkkdktkkdkkypkkkdkdkkUNIT SHIELD TEST PROUSBLEMakkkkskkpkkknkkxkkxnakakkxCASE 1
ToMoJORDAN=A (R o T ¢ RESEARCH # Ak A ok Ak ok ok Xk ok Ko s ok ok ko ok ok k kK Kk PRIMARY NEUTRNNG koo kok Kk ok ok ko ok gok kok ok Kok xok x kX kkPAGE 4

a0 02 o0 A e o N O S o o K ok s o 3K o K R R K O KK g o 3 6 o 4 o R KOK ok 0 3 K oo o 3 ok A R ok Ao o A o o o o o K o o R R R K o o o

***************************1?3456789012345678901234567890123“56789012*456789012345678901234567890123“567890

_CARD IMAGE MUL,005,004,1 C IDEL = 3y Capp INPUT OF DATA

CARD IMAGE MUL,005,005,1 C HELAST = 41, FORTY-OME GROUP DATA=- COUPLLD SET

CARD IMAGE MUL.005.006.I C NGTSEC =1, TELLS CODE THE EXTRA GROUPS OF DATA ARE FOR SECONDARY PRODUCTION
_CARD IMAGE MUL,005,007,1 c SINCE SEC INPYT SECTION IS ALKEADY IN» DATA WILL BE STRIPPED FROM
CARD IMAGE MUL,005.008,1 C THIS INPUT SET
CARD IMAGE MUL,005,009,1 & =4 44 o y1 1
_CARD__IMAGE MUL,.006,001,F C Po

CARD IMAGE MUL,006,002,F 0 +14260= 6 0 + 0+4 0 0 +15021~= 4 0 +64478~= S4OR+ 0+ 0 1
CARD IMAGE MUL,006,003,F ¢ +23608=- 6 0 4 0+ 0 0 +15975~ 4 0 +65700= 5 0 +50896= S39R+ 0+ 0 1
_CARD IMAGE MUL.006,004,F 0 +31389- 6 0 4 0+ 0 0 +17008= 4 0 +69130=~ 5 0 +46179~ 5 0 +51233= 5 1
CARD IMAGE MUL,006.005,F 38R+ 0+ 0 2
CARD IMAGE MUL,006,006,F 0 +38372=- 6 0 4 0+ 0 0 +18598~= 4 0 +79692= 5 (0 +67035= 5 0 +75232~ 5 1
_CARD_IMAGE MUL,006,007,F 0 +33481~ S37R+ 0+ 0 2
CARD IMAGE MUL,006,008,F 0 +55429= 6 0 '+ 0+ 0 0 +19113= 4 0 +72798= 5 0 +38765~ 5 0 +49911~ S 1
CARD IMAGE MUL,006,009,F 0D +23670- 5 0 4+16310~ 736R+ 0+ 0 2
CARD IMAGE MUL,006,010,F 0 +75169= 6 ¢ + 0O+ 0 0 +19490~- 4 0 +73124= 5 0 +35705= 5 0 +42147= § 1
CARD IMAGE MUL,006.011,F 0 +30889~ 5 0 +20970~ 636R+ 0+ 0 2
CARD IMAGE MUL,006,012,F G +96405- 6 0 + 0+ 0 0 +24878= 4 0 +95848= 5 0 +47559= 5 0 +46747= 5 1
_QARQ.IMAGEHMUL1006.013.F D +57449=~ 5 0 475263~ 636R+ o+ 0 e 2
CARD IMAGE MUL,006,014,F 0 +93792- 6 0 + 0+ 0 0 +32290= 4 0 +14170~ 4 0 +56633= 5 0 +20285~ 5 1
CARD IMAGE MUL,006,015,F 0 +37724= 5 0 4+18820= 536R+ 0+ 0 2
_CARD IMAGE MUL,006,016,F 0 +68500~ 6 0 + 0+ 0 0 +20101= 4 O +50797- 5 Q0 +52081= 5 0 +16253= 5 1
CARD IMAGE MUL,006,017,F 0 +12639= 5 0 +17926= 5 0 +38188~= 635R+ 0+ 0 ‘ 2
CARD IMAGE MUL,.006,018,F e +52873- 6 0 + 0+ 0 0 +16753= 4 0 +59312= 5§ 0 +67627= 5 0 +71571= § 1
CARD IMAGE MUL,006,019,F G +21722~= 5 0 4+30834= 5 0 +23661= 5 0 +15495- §34R+ 0+ 0 2
CARD IMAGE MUL,006,020,F 0 +20766~ & 0 + 0+ 0 0 +20298= 4 O +90387= 5 0 +90245= 5 0 +72678= 5 1
CARD IMAGE MUL,006,021,F g +35239~ 5 0 419505= 5 0 +40654= 5 0 +11227= S534R+ 0+ 0 2
_CARD IMAGE MUL,006,022,F 0 +465106= 7 0 4 0+ 0 0 +29521- 4 0 +10138= 4 0 +81260= 5 0 +12062~ 5 1
CARD IMAGE MUL,006,023,.F 0+ 0+ 0 0 +81250= 7 0 +23195~ 5 0 +13256= 5 0 +22600~ 733R+ 0+ 0 2
CARD IMAGE MUL,006,024,F 0 +34000~ 8 0 + 0+ 0 0 +343Ug= 4 0 +11759= 4 O +13359= 4 0 +27807= 5 1
;QABQ“IMAGE_MUL.006,025,F 2R+ 0+ 0 0 +44101= 6 0 +19753= 5§ 0 +64319= £33R+ 6+ 0 . 2
CARD IMAGE MUL,006,026,F 2R+ 0+ 0 0 +40396= 4 0 +22608= 4 0 +22583= 4 0 +59770= 5 0 +95120~ 7 1
CARD IMAGE MUL,006.,027,F 0 + 3+ 0 0 437990~ 7 0 +11863= 5 0 +26730- 5 0 +20639= E32R+ 0+ 0 2
_CARD IMAGE MUL,.006,028,F 2R+ 9+ 0 0 +35703= 4 0 +16453= 4 0 +16074= 4 4R+ 0+ 0 0 +18114=_6 1
CARD IMAGE MUL,006,029 F 0 +27792= 6 0 +61011= 632+ 0+ 0 2

i
w



THE FASTER=III PROGRAM mtttssxufiititnttngpanansasUNIT SHIELD TEST PROBLEMGGGOBSSISHSusasoonoatsCASE
TeMe JORDAN=A R ¢ To RESEARCH e fr sy e ir el s e deoie i Xk e e e ko e ¥ xPRIMARY NEUTRONS R R i S G s Qs aa S0 gsPAGE

S

et ok o s ot e oo oo o o e R e R G R R R R BRSNS S RS R RSOOSR G OO LSRS 00O LR EESEED
wEkRmik ks Rk kR TR E Rk khk123456789012345678901234567890123456789012345678901234567890123°5678901234567890

IMAGE MUL.006.06& .F

i

1

_CARD IMAGE MUL,006,030,F 2R+ 0+ 0 0 4+45065= 4 0 +38183= 4 O +19250= 4 0 +17137- 5 3R+ 0+ 0 -
CARD IMAGE MUL,006.031,F 0 +10154= 6 0§ 4+39296= 6 0 +41775= & 0 +62715= 631R+ 0+ 0
CARD IMAGE MUL,.006,032,F 2R+ 04 C 0 456436~ 4 0 +51305= 4 0 +68816= 5 SR+ 0+ 0 0 +23500~ 7
_.CARD IMAGE MUL,006,033,F 0 + C+ 0 0 +16900= 631R+ 0+ i
CARD IMAGE MUL,006,034,F 2R+ 0+ 0 0 458102~ 4 0 450294= 4 0 +51313= 5 gR+ 0+ 0 0 +11330~ 7
CARD IMAGE MUL.006.035 F  30R+ 0+ 0
CARD IMAGE MUL,006,036,F 2R+ 0+ 0 0 458102« 4 0 +51310~ 4 0 478072~ 5 9R¢+ 04 0 0 +12000~ 8
CARD IMAGE MUL,006,037,F 29R+ 0+ 0
CARD IMAGE MUL,006,038,F 0 +10500= 8 0 4 0+ 0 0 +58103= 4 0 +51274= 4 O +67915~ 539R+ 0+ 0
CARD IMAGE MUL,006,039.F 0 +21900~ 8 0 4 O+ 0 0 +58104= 4 0 +48831= 4 0 +68277= S39R+ 0+ 0 1
CARD IMAGE MUL,006,080,F 0 +38400~ 8 0 4 0+ 0 0 +58105= & 0 +46082=~ 4 0 +92704%~ 539R¢ 0+ 0
~ CARD IMAGE MUL,006,041 F 0 +67600- 8 0 4 0+ 0 0 +58108~ 4 0 +4B628~ 4 0 +12020~ 439R¢ o+ 0
_CARD IMAGE MUL, 006,042 .F 0 +11670= 7 0. ¢+ _ 0+ 0 0 +5811i3= 4 0 +46172~ 4 0 +94736= 539R¢+ O+ 0
CARD IMAGE MUL,006.043 ,F 0 +18940= 7 0 + 0+ 0 0 +58120= 4 0 +46383= 4 0 +11929= 439R+ 0+ 0
CARD IMAGE MUL ,006.,044%.F 0 +88600= 7 0 + 0+ 0 0 +#70100= 4 Q0 +70000- 4 0 +11718~= uagn+ 0+ 0 .
CARD IMAGE MUL,006.,045,F C PHOTON PART of Po ) , .
" 'CARD IMAGE MUL,006,046,F 0 +25460~ 6 0 + 0+ 0 0 +29707= & 0 +25400= & 0 +77436~ 7 0 +16557= 7
CARD IMAGE MUL,006,047,F o +10198- 7 ¢ +59o7u= 8 0 #33530= 8 0 #19127~ 8 0 +92093= 933R¢ 0+ O
- CARD_IMAGE MUL.006 0oa.osa.F 0 +19500~ 6 0 4+ __ 0+ 0 0 +34028= 5 0 +89500~ 7 0 +11730~ ﬁ;ea__m..n__n_______i.
CARD IMAGE MUL,006,049,F 0 +17100- 6 0 + 0+ 0 0 +36012= S 0 +10900~ 6 0 +18450= 6 0 +11940= 6
CARD IMAGE MUL,006,050,F 38R+ 0+ 0
__CARD IMAGE MUL,006, 051 F 0 +#14500~ 6 0 4 0+ 0 0 +38363= 5 0 +13560= 6 0 +22530- 6 0 218550~ 6
.. GARD IMAGE MUL.Ws.osa F 0 +12300~ 637R+ 0+ 0 .
; CARD :IMAGE MUL ,006,053,F 0 +11940= 6 0 + 0+ 0 0 +41224= 5 0 +17320- 6 0 +28130~ 6 O +2267o- &
I CARD "IMAGE MUL,006,054,F 0 _+18900= 6 0 412880~ 636p+ 0+ 0 _
CARD IMAGE MUL,006,055,F 0 +94100~ 7 0 + 0+ 0 0 #+44771= 5 0 +225890- 6 0 +36090~ 6 0O +28350= 6
CARD IMAGE MUL,006,056,F 0 +23230= 6 0 4+19650= 6 0 +13780~= 6 0 +36149= 7 0 +77292~- 8 0 +47606~ 8
CARD IMAGE MUL,006.057,F 0 +27577= 8 0 415653~ 8 0 +89287= 9 0 +42991~ 928R+ 0+ 0
0 IMAG .066.058 F 0 +70800= 7 0 + 0+ 0 6 ¢48767> 5 0 +24720~- 6 0 +38370~ 6 0 29100~ 6
CARD IMAGE MUL,006,059 F 0 +23310= 6 0 +19u20= 6 0 ¢16560= 6 0 +12010- 6 0 486296~ 3 0 +18451~ 8
CARD IMAGE MUL.006.060,F 0 +11365= 8 0 465833= 9 @ +37367- 9 § ¢21315~ 9 0 +10263= V27L¢ 0+ 0
D IMAGE M .006.061.F 0 +4%9%00~ 7 0 < 0+ 0 0 + = § 0 +33350=- 6 0 +51440= 6 0 +38590~ &
CARD IMAGE MUL,006,062.F 0 +29960= 6 0 +20470= 6 0 +20720~ ¢ 0 +18010= 6 0 413300~ & O ¢50100= 7
CARD IMAGE MUL.006,063 F 0 +235596= 8 0 $13302=_8 0 ¢77053= 9 0 +43735~ 9 ¢ +24%u8> 9 0 +12042= 9
CARD 26R¢ 04+ 0
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o 0 o o K R oK K K o K A K e K K AR K oK KoK K o ok e O o o K KK K A R o SR K o K o o o o o o o o Ao o o o o o o o
kR kKR KRRk kA kR ko kk 1 23U 56789012345¢78901234567830123456789012545678901234567R9012345678901234567890

CARD IMAGE MUL,006,065,F 3 +28600~ 7 0 . 0+ 0 0 +58883~ 5 0 +47410= 6 0 +69710~ 6 0 +51690~- 6 1
CARD IMAGE MUL,006,066,F 3 +39930- 6 0 +31850~ 6 0 +26580= 6 0 +22390= 6 0 +20160= 6 0 +15250- 6 2
CARD IMAGE MUL,006,067,F  32R+ 0+ 0 3
__CARD IMAGE MUL,006,068,F J +10900= 7 0 4 0+ 0 0 +67099~ 5 0 +83410= 6 0 +11202= 5 0 +79270~ 6 1
CARD IMAGE MUL,006,069,F U +6129C- 6 0 +49130= 6 0 +40460- 6 0 +34580~- 6 0 +30320~ 6 0 +27080- 6 2
CARD IMAGE MUL,006,070,F 0 +20970~ 631R+ 0+ O 3
..CARD IMAGE MUL,006,071,F_. 0 +19000- 8 0 + - O+ 0 0 +80022= 5 0 +15625~ 5 0 +17848~ 5 0 +1157i~ 5 1
CARD IMAGE MUL,006.,072,F 0 +88060= 6 0 +71870~- 6 0 +60180~ 6 0 +51290=- 6 0 +44920- 6 0 +40080- 6 2
CARD IMAGE MUL,006,073,F 0 +36260~ 6 0 428670~ 6 0 +82487= g 0 +17637= 8 0 +10863- 8 0 +62926~ 9 3
__CARD IMAGE MUL,006,074,F 0 +35717= 9 0 420374~ 9 0 +98099=1023R+ 0+ 0 ) 4y
- CARD IMAGE MUL,006,075,F 2R+ 0+ 0 0 +10470~ 4 0 +45503= 5 0 +38472= 5 0 +23414= 5 0 +17849= § 1
CARD IMAGE MUL,006,076,F 0 +14857= 5 0 412819~ 5 0 +11161- 5 0 +97780- ¢ 0 +87130= ¢ 0 +78650~ 6 2
__CARD IMAGE MUL,006,077,F 0 +71700= 6 0 +57320~ 6 0 +15151= 7 0 +32394= g8 0 +19952=- g 0 +11558~ 8 3
CARD IMAGE MUL,006,078,F 0 +65602= 9 0 +37422- 9 0 +18018~ 922R+ 0+ 0 4
CARD IMAGE MUL,006,079,F 2R+ 0+ 0 0 +13683= 4 0 +49186~ 5 0 +31630= 5 0 +16007- 5 0 +12015- 5 1
CARD IMAGE MUL,006,080,F 0 +97620= 6 0 4+83030~ 6 0 +72220= 6 0 +63020- 6 0 +55160~ 6 0 +49030~ 6 -2
CARD IMAGE MUL,.006,081,F 0 +44120= 6 0 +40110~ 6 0 +31830~ 628R+ 0+ 0 3
CARD IMAGE MUL,006,082,F 2R+ 0+ 0 0 +16185= 4 0 +86429= 5 0 +77941= 5 0 +27570~ 5 0 +98990~ 6 1
_CARD IMAGE MUL,006,083,F 0 +53720= 6 0 +34740= 6 0 +25000~= 6 0 +18960~- @ 0 +14560~ 6 0 +11300=_ 6 2
CARD IMAGE MUL,006,084,F 0 +90700= 7 0 4+74800~ 7 0 +63000= 7 0 +42300~ 727R+ 0+ 0 3
CARD IMAGE MUL,.006,085,F 2R+ 0+ 0 2r+19102~= 4 0 +75420~ 5 0 +97080~- &38R+ 0+ 0 1
CARD IMAGE MUL,007,001,F C P1
CARD IMAGE MUL,007,002,F 2R+ 0+ 0 0 +83738- 5 0 +16991- 44QR+ 0+ 0 1
CARD IMAGE MUL,007.003,F 2R+ 0+ 0 0 4+92835= 5 0 +17259= 4 0 +42476= S3OR+ 0+ 0 1
__CARD IMAGE MUL,007,004,F 2R+ 0+ 0 0 +10168~ 4 0 +18192= 4 0 +44522= 5 0 =12122- 538R+ 0+ 0 1
CARD IMAGE MUL,007.005,F 2R+ 0+ 0 0 +11591=~ 4 0 +20010~= 4 (O +34364~= 5 0 =16356= 5 0 =83940~ 7 1
CARD IMAGE MUL,007.006,F 37R+ 0+ 0 2
__CARD IMAGE MUL,007,007,F 2R+ O+ 0 0 4+12526= 4 0 +18679= 4 0 +34575=- 5 0 =11066= 538R+ 0+ 0 1
CARD IMAGE MUL,007.008,.F 2R+ 0+ 0 0 +13300~ 4 0 +18606= 4 0 +4369%4=~ 5 (0 =22679=~ 538R+ 0+ 0O 1
CARD IMAGE MUL,007.,009,F 2R+ O+ 0 0 4+17588~ 4 0 423051~ 4 0 +17771= 5 0 =32860~ 5 0 =17879~ 6 1
__CARD IMAGE MUL,007,010,F 37R+ 0+ 0 e 2
CARD IMAGE MUL,007.011,F 2R+ 0+ 0 0 +23819= 4 0 +34306= 4 0 +55909= § 0 =18140- S538R+ 0+ 0O 1
CARD IMAGE MUL,007,012,F 2R+ 0+ 0 0 +17076= 4 0 +13326= 4 0 +82960- 5 0 =25136~ S538R+ 0+ 0O 1
_CARD IMAGE MUL,007,013,F 2R+ 0+ 0 0 +14113= 4 0 +14017= 4 0 +90136= 5 0 =83871~= 5 0 =42595= & 1
CARD IMAGE MUL,007,014,F 37R+ 0+ 0 : 2
L]
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e o o ok e 3 2 o K o e o Ko K o ok o o ok Sk oK Sk ok o ok oK K s ok s o 8 oK o 8 o o o o e o O ol e oo o oo o e 9ok oK ek o e 0 2 ot Aok o o ok ok K o kol A ok oK K KO
#**************************123“3678901?145678901234567890123“5678901?‘4567890123u56789012345678901234567890

CARD IMAGE MUL,044,049,F 0 =2062C= 4294 0+ 3
CARC IMAGE MUL,044,050,F 3R+ i+ 20 +18361- 3 0 =32816= 4 0 +39521= 4 0 +53386= 4 0 +48791- 4 1
CARD IMAGE MUL.044.051.F 0 +42595=- 4 9 436982~ 4 0 +31782= 4 Q0 +27190= 4 0 +23589~- 4 0 +20729- & 2
__CARD IMAGE MUL,0u44,052,F 0 +18422= 4 0 +13847- 428R+ 0+ 0 3
CARD IMAGE MUL,044,053,F 3R+ 0+ 0 0 +77956= 4 0 =U42209= 4 0 +41704= 4 0 =62083= 5 0 =17340~ 4 1
CARD IMAGE MUL,044,054,F G =17546= 4 0 -15784= 4 0 =13818= 4 0 =11846= 4 0 =10039= 4 0 =-85970~ 5 2
_CARD IMAGE MUL,044,055,F 0 =7T4451= 5 0 .65167= 5 0 =46988= 527R+ 0+ 0 3
CARD IMAGE MUL,044,056,F IR+ 0+ 0 0 +52635= 4 0 =14391- 5 0 =42309- 438K+ 0+ 0 1
x

e o 0 e 3 3 e e e o e o ol ok A o ke e o e o ok ol o 3K o ol ok o b o o8 0K 3 ol s s e oK o8 o o0 o o0 8 e o 380 BB oo o e e o o K ok o e 3R o ofe o o o ol KRR ol ke 4 o ol o ik o o o ok ok ok ok o ok o ok o R ok ok ok ko

__CARD . IMAGE *x*,000,001,H C ADD RESS MODIFICATION 1S NOT REQUIRED
RRRKRRR R kR Rk Rk Rk Rk ke kkk]12345678901234557890123456789012345678901234567890123456789012345678901234567890
CARD IMAGE SOU,000.001,H SOURCE
__CARD IMAGE SOU,001,00%,I C INl = 1» LIMITS ARE BEING INPUT
CARD IMAGE S0U,001.002,1 C IN2 = 1» ONE gOURCE IS BEING INPUT
CARD IMAGE SOU,001.003,1 C NVMAX = 1, THIS PROBLEM HAS ONLY ONE SOURCE
__CARD IMAGE SOU,001,004,1 C NXMAX = 2, THERE ARE A MAXIMUM OF TWO POINTS IN AMY SOQURCE DISTRIBUTION

CARD IMAGE SOU,001.005,1 1 1 1 2
CARD IMAGE SOU.002.001.R C SPHERICAL GEGMETRY EQUIPROBABLE SPATIAL AND ANGULAR DISTRIBUTIONS

__CARD IMAGE SOU,002,002,R C_FISSION NEUTRON SPECTRUM GENERATED INTERNALLY
CARD IMAGE S0U,002.003,R 1 2 2 2 2 2 280 0 0 2 1 2,91+19
CARD IMAGE SOU,003.001,EE C RADIAL DISTRIRUTION

CARD IMAGE SOU,003,002,EE  +Qr1,87,1/
CARD IMAGE SOU,004,001, EE ¢ AZIMUTHAL DISTRIBUTION(SPATIAL)

CARD IMAGE SOU.004.,002,EE =3,1416 1,0 3.1416_ 1.0
__CARD IMAGE SOU,005,001,EE C POLAR DISTRIgyTION(SPATIAL) -
CARD IMAGE SOU,005.002,EE ~~=1.0 1.0 1,0 1.0
CARD IMAGE SOU,006,001,EE C AZIMUTHAL OISTRIBUTION(ANGULAR)
_CARD IMAGE S0U,006,002,EE =3,1416 1,0 3,1416 1.0 2044204 .
CARD IMAGE SOU,007,001,EE C POLAR DISTRIp|TION(ANGULAR) _
CARD IMAGE SOU,007,002,EE =1.0 1.0 1.0 1.0 2.4,2.5

AR AR R AR ROK R Ko R KRR g KK R R RS B R R AR ROk o R KR AIOR R AR R R R R KRR R AR R

CARD IMAGE **%,000,001,H C PRO FILES OF gOURCE TIME DEPEMDENCE ARE nNOT INPUT
*¢******gv$*$******m****v*#12345678901234567890123%5678901234567390123456789012345673901234567390123&557390

CARD IMAGE SUR.000.001, SURFACES
CARD IMAGE SUR,00i. 001 I C INI = 1, LIMITS ARE BEING INPUY

¢
®
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*******t***************************t*******#***********************#*********************************l*****
*t*************************123“567090123Q5b7890123“567890123“5678901234567ﬂ901234567890123“567890123“567890

CARD
CARD
CARD
_CARD
CARD
CARD
_CARD
CARD
CARD

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

IMAGE

IMAGE
IMAGE

) IMAGE

IMAGE
IMAGE

IMAGE
IMAGE

IMAGE
IMAGE
IMAGE

SUR.001,002,1
SUR,001.003,1
SUR,001,004,I
SUR,001,005,1
SUR,002,001,5
SUR,002.002,5
SUR,003.001,S
SUR,003.002,S
SUR,004,001,5
SUR,004,002,S
SUR,005,001,S
SUR,005.002,5
SUR,006.001,S
SUR,006,002,5
SUR,007,001,S
SUR,007,002,S

'SUR,008,001,S

SUR,008,002,S

SUR,009,001,5

SUR,009,002,S

"'C BORATED WATER SHIELD

'C IN2 = 8+ EIGHT SURFACES ARE BEING INPUT

C NSMAX = 8, EIGHT SURFACES TOTAL FNR THIS PROBLEM
C WAMAX = 6, ALL SURFACES HAVE SIX COEFFICIENTS
t1+8e806/ ..

C CORE BOUNDARY

21090130187 ++87,,87/

C REFLECTOR BOyp'DARY

2200139990,,90,,90/

C DEPLETED URANIUM SHIELD gOUNDARY

130913010959 +95,,95/

C SHIELD MIX1 gQoUNDARY

r4re132915290152,0152/

C SHIELD MIX2 poUNDARY

1500130016790 16700167/

C SHIELD MIX3 goUNDARY

v6090130018290182,0182/

BOUNDARY

2709013090299, 9299,0299/

€ LARGE OUTER BoUNDARY TO ENCLOSE POINT DETECTOR L

v8r013+,1000900,,10000000,1000000/

*t***********************************************************************t************t****t*********t***#*

_CARD IMAGE *%x,000,001,H .
#Q##t***ttttttt******tt****12345678901234567890123&5678901234567890123456789012345678901234567890123“567890

CARD IMAGE REG,000,001,H

CARD IMAGE REG,001,001,1

CARD IMAGE REG,001,002,1
CARD IMAGE REG,001,003,1
CARD IMAGE REG,001,004,1

“CARD IMAGE REG,001,005,I
CARD IMAGE REG,002,001,R
. CARD IMAGE REG,002,002,R

“CARD IMAGE REG,003.001,R
CARD IMAGE REG,003,002,R
CARD IMAGE REG,004,001,R

“CARD IMAGE REG,004,002,R

*7?-
O
A

C HEL ICAL SURFACES ARE NOT INVOLVED IN THE GEOMETRY

REGIONS
C INL = 1, LIMITS ARE BEING INPUT
C IN2 = 8, EIGHT REGIONS ARE BEING INPUT
€ NRMAX = 8, THERE ARE EIGHT REGIONS IN THIS PROBLEM
C NBMAX = 2, THERE ARE A MAXIMUM OF TwO BOUMDARIES PER REGION B
t108¢802/
C CORE
1111 1.0 0.0 o
C REFLECTOR
2 0 2 1 2 1,0 88,0
C DEPLETED URANIUM SHIELD L
30 3 2 3 . 1.0 92,0
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KKK AR AR KK KKK K AOK KKK 3k K R ok o 0 oK o M KK K oo ok B o oo o oK o o o 46 oo oo e o o o o 2 o ok ook K
AR AR OOk R Rk 125456 TRIC 12T 5, 7R90123056789012345678901234567890123456789012345678901234567890

CARD IMAGE REG,005,001,.R C MIX1 SHIELD
CARD IHMAGE REG,005,002,R E ¢ 4 3 4 1.0 120,0
CARD IMAGE KREG,006,001,R C #IX2 SHIELD
CARp IMAGE REG,006,002,k S 0 8% 4 4 1,0 160.0
CARD IMAGE REG,007.001,R C 4IX3 SHIELD
CARD IMAGE REG,007,002,R 6 0 6 5 ¢ 1.0 170.0
.. CARD IMAGE REG,008,001,R C BORATED %ATER SHIELD
CARD IMAGE REG,008,002,R 7 6 7 6 7 1.0 200,0
CARD IMAGE REG,009.001,R C Volb
. CARD IMAGE REG,009,002,R 8 0 0 7 g 0.0 400,0
AR Ao AR S OR R K KoK R I K o g MoK o S KK KK 5K o R R a8 o oo K05 oo ok o oo oo o o o oo o
CARD IMAGE *#%,000,001,H C CYL INDRICAL GEOMETRY IS NOT USED
__CARD IMAGE x*x*%,000,002,H C SPH ERICAL GEOMETRY COULD HAVE BEEN USEL IM PART
CARD IMAGE *#*%,000,003,H C AIR LEMSITY Ig USED ONLY FOR TRAMSPORT I.. THE UPPER ATMOSPHERE
CARD IMAGE x»%x*,000,004 ,H C CHE CK PAY TRACE CPTION IS NOT USED FOR THIS SIMPLE GEOMETRY
__CARD IMAGE #*%%,000,005,H C COR RELATED CaLCULATIONS ARE MOT PERFORMED
***************************1234567890123456789012345678901234567890123“567890123456789012345678901234567890
CARD IMAGE DET,000,001,H DETECTOR
.CARD IMAGE DET,001,001,1 C IN1 = 1, LIMITS ARE BEING INPUT
CARD IMAGE DET,001,002,1 C IN2 = 1, ONE pETECTOR IS BEING INPUT
CARD IMAGE DET,001,003,1 C NDMAX = 1, THERE IS ONLY ONE DETECTOR FOR THIS PROBLEM
_CARD IMAGE DET,001.004,I = 1 1 1
CARD IMAGE DET,002,001,S C POINT DETECTor AT 30 FEET FROM CORE CENTER
CARD IMAGE DET,002,002,S #1¢0¢0+1+000¢1,0,0,914,14/

—RERRRRR AR AR RE TR AR AR AR AR AIRAA KA KRR KKK AR N KA R A AR KR AR R

CARD IMAGE

*%%,000,001,H

C FLU X GROUPS aRE NOT INPUT, THE OUTPUT WILL BE IN THE CROSS SECTION GROUPS

*t*t*****z***t*************12345678901234557890123456789012345678901234567890123u5678901234567890123“567890

__CARD IMAGE
CARD IMAGE
CARD IMAGE

__CARD_ IMAGE
CARD IMAGE
CARD IMAGE
CARD IMAGE
CARD IMAGE

o1-d

RES,000,001,H

RES,001,001,1
RES,001.002,1
RES,001,003,1
RES,001,004,I
RES,001,005,1
RES,002,001,A
RES,003.001,S

RESPONSFS
C INl = 1, LIMITS ARE BEING INPUT
C IN2 = 4» FOUR RESPONSES ARE BEING INPUT
C_ NFMAX = 4, THERE ARE A TOTAL OF FOUR RESPONSE FUNCTIONS
C COMMEHT CARpS CAMNOT FOLLOW THE NEXT CARD
1 4 u
MEV/CC=H20  pADS/HOUR REM/HR(TMJ) REM/HR (GHA)
C PICKUP ENERGy ABSORBTION FOR BORATED WATER = MATERIAL 7
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ti?&**t*****t*t****************************************tt*****************************t*****t****t*#**t**t*
t*tt*t*********************123u567890123u55789o12345678901234567890123&567890123u56789o12345678901234567890

CARD IMAGE RES,003,002,5 L 0 7 7,69-5

CARD IMAGE RES,004,001,S 2 0 0 1.0-5 2,05 2,05 2,05 1.84 1,76 1,66

CARD IMAGE RES,005,001,E 1,51 1,37 1,15 1,12 1,08 0,94 0,83 0,72

CARD IMAGE RES,005,002,E 0,65 C.54 0,17 0,032 0,0072 0,0013 0,00036 3,6-4
CARD IMAGE RES,005,003,E 5,4~4 9,5=4 1,5~3 4,0=-3 0,0

‘CARD IMAGE RES,006,001,S 3 0 0 1,0-y4 1,15 1,15 1,15 1,12 1,07 1,09

CARD IMAGE RES,007,001,E 1,10 0,95 0,95 0,95 0,93 0,91 0,90 0.80

CARD IMAGE RES,007,002,E 0,560 0.54% 0,54 0,21 0,05 0.05 0,05 0,05

CARD IMAGE RES,007,003,E 0,05 0.05 0,05 0,05 0,05

_CARD IMAGE RES,008,001,S 4 0 0 1,0-4 1,51 1,51 1,51 1.48 1,44 1,37
$ARD IMAGE RES,009,001,E 1,30 1,26 1.24 1,22 1,26 1.28 1,31 1,25

CARD IMAGE RES,009,002,E 0,85 0,69 0,32 0,06 0,06 0.06 0,06 0,06

CARD IMAGE RES,009,003,E 0,06 0.06 = 0,06 0,06 0,06

*t**#***#***************************************************t*********************t****#t********t#****t*tt
t#t*tt**t******************1234567890123456789012345678901234567890123“567890123u567890123“5678901234567890
CARD IMAGE BIR.OOO.OQLLQH BIRTH ]

CARD IﬁIGE*BTRTUUIoOOI.I C INl 1, LIMIT IS BEING INPUT

CARD IMAGE BIR,001,002,1 C IN2 1» INDICES OF BIRTH REGIONS ARE BEING INPUT ’

LARD IMAGE BIR,001,003,I C NVMOD = 7, THE PROGRAM WILL PRINT THE FLUXES RY BIRTH REGION_FOR SEVEN REGIONS _
CARD IMAGE BIR,001,004,I C LIST OF BIRTH REGIONS

CARD IMAGE BIR,001,005,I 010397/01020344,506,7/
.*t*ttttgqttt******#********tft*f***********tﬁ*;**************t*t*********t***##***q**gggggggg;ggggg#tq**;*~“
yq§§;§§!;*‘*?**************123456789012345678901234567890123456789012345678901234567890123“5678901234567890
CARD IMAGE ORD,000,001,H ORDER

CARD IMAGE ORD.OOIQQOI,IMWACVINI 1» INTERPRET LIMIT

CARD IMAGE ORD,001,002,1 C IN2 0» NOT _SED

CARD IMAGE ORD,001,003,1 C NCMAX = 8, ORpER OF SCATTER FLUXES THROUGH SEVENTH SCATTER
CARD IMAGE ORD,001,004,1I 1 0 8 i ) o e
gqct&gngct*tqtytt*t#tt**********t*****t***********t***t**t**tt**tttt******:*t*t*#t:tttt*:ttttttttt¢t¢:.¢¢¢
*ttt#tttq?tttttt*t#*tt*****123#5678901234567890123456789012345678901234567890123“5678901234567890123“567890
CARD IMAGE SCA.OOQLQOI!ﬂV"SCATTERING REGIONS o o L

CARD IMAGE SCA,001,001,1 C IN1L = 1, INTERPRET LIMIT

CARD IMAGE SCA,001,002,1 C IN2 = 1, SCATTERING REGIONS ARE BEING DEFINED
ZARD IMAGE SCA,001,003,1 C NSRMAX = 7, SEPARATEVTALLY OF SCATTERED FLUX FROM ALL SEVEN NON=VOID REGIONS

ZARD IMAGE SCA,001,004,1 1 1 v T mmm omER TR e SRIRE AReY0RD RERIONS
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***********'****************** ************4:*****************************************************t*********tt
BRERR R RO kR 1 234567890 12345,7890123456789012345678901234567890123456789012345678901234567890
CARD IMAGE SCA,002,001,I
CARC IMAGE SCA,002,0C2,1

A S AR A OKOKOR K oK K K oK ok ok K ok K oK K ok Kk ok KK

C SCATTERING R-cIOM

1 2 3 4 5 4

INDICES
7
oA A A OK KR o KR A 0o ook o o 0ok o A K oK ok o K ook K o o oK K oK o oK K kKK

CARD IMAGE *%%,000,001,H C 80U NDARY CR(5SING TALLY NOT REQUESTED
CARD IMAGE **%,000,002,H C ANG ULAR FLUXES NOT REQUESTED
CARD IMAGE *#%,000,003,H C SOL ID ANGLE FLUXES ARE NOT REQUESTED

. CARD IMAGE *%%,000,004,H C TRA RSLATION TIME IS USED ONLY FOR TIME DEPENDENT PROBLEMS
CARD IMAGE *%*,000,005,H € MOM EMTS OF 7-4PORAL FLUXES NOT REQUESTED
CARD IMAGE *%%,000,006,it € TIM £ INTERya FLUXES ARE NOT REQUESTED

CARD_IMAGE **%,000,0¢7,H C GRO UP EDIT g;, FLUXES IS NOT REQUESTED
*ttt***********************123#567890123u567890123“5678901234567890123&567890123456789012345678901234567890
CARD IMAGE NOR,000,001,H  NORMAL

. CARD. IMAGE NOR,001,001,1 C IN1 = 1, LIMITS ARE BEING INPUT
CARD IMAGE NOR,001,002,1 C IN2 = 1, ‘MORMAL DERIVATIVE LOCATIONS ARE BEING DEFINED RY INPUT
CARD IMAGE NOR,001,003,1 C MORMLT = 5y T1ERE ARE FIVE NORMAL DERIVATIVE LLOCATIONS :
CARD_IMAGE NOR,001,004,1 € NORCOM = 2+ T,0 COMPONENTS ARE ALLOWED=~=THE SECOND SHOULD GET ALL ZER
CARD IMAGE NOR,001,005,I c RESULTS SINCE ALL PARTICLES SHOULD SEE THE FIRST COMPONENT SHIELDS

CARD
_CARD
CARD
CARD
CARD

IMAGE

IMAGE_NOR,002,001,1I
IMAGE NOR,002,002,1II

IMAGE

NOR,001,005,1

NOR,003,001,1

IMAGE NOR,003,002,1

CARD IMAGE NOR,004,001,1

CARD IMAGE NOR,004,002,1
_Htggggytftygftg*ng****t*g;***#******************************#***##*********t************t********tt#*t**t&!

*t*******i******#*i********123“567890123456789012345678901234567890123456789012345678901234567890123“567890

CARD IMAGE MIN,000.001,H
_CARD IMAGE MIN,001,001,I

CARD
CARD
.. CARD
CARD
CARD
_CARD
CARD

cl-g

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

MIN,001,002,1
MIN,001,003,1
MIN,001,004,1
MIN,001.005,1
MIN,001,006,1
MIN,001,007,1
MIN,002,001,E

v101,502/
C DEFINITIOM OfF BOUNDARY CROSSINGS AT WHICH DERIVATIVES WILL BE COMPUTED

2303049445050 6,60707/
C DEFINITION OF FIRST COMPONENT

'192¢3¢445/
C DEFINITION Of SECOND COMPONENT

20¢000+0,0/

MINIMUM WEIGHT

C IMl = 1, LIMITS AND OPTIONS ARE BEING INpUT

C IN2 = S» DOSE RATE CONSTRAINT AND FIVE INITIAL CONDITION CARDS ARE INPUT
C IPRESP = 1» I DEX OF RESPONSE FOR SECONDARY

C ISRESP = 49 INDEX OF RESPONSE FOR PRIMARY (NEUTRON)

C ITPRIN = 10, pRINTOUT EVERY TEN ITERATIONS DURING SHIELD OPTIMIZATION

C ITERMX = 1000, MAXIMUM NUMBER OF ITERATIONS DURING OPTIMIZATION

*1¢Selv4,108,1000/
C DOSE RATE CONSTRAINT



THE FASTER=ITI PROGRAM sokkskk¥kkktkdkpyprkdakdklNIT SHICLD TEST PROBLENMskr¥dkkkkkkkkkhkkhkhrxxkkkxCASE 1

T oMo JORDAN=A 4R o T o RESE AR C H ook ok ok ok o ok % K ok ok bk ok ook kK kPR IARY

MEUTROMNS S ksokkkk X ke kdorkrkkkkkpkxxxkkkPAGE 69

4K 0K o o o Ko o o ok Y o ok kK K oK KK K K o K ok K 3K g ok R KR KR K K o R o K o ok KR SR KKK K oK T AOR ORHOR KR KKK R OK ARk KO R KR R K R K KK
MR Rk KRR Kk Kok Rk 1 23U56 78251 2345,78901234567830123456789012345678901224567890123456783901234567890

CARD
CARD
CARD
_CARD
CARD
CARD
_.CARD
CARD
CARD
_CARD
CARD

IMAGE
IMAGE
IMAGE

IMAGE

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

IMAGE

MIN,002,002,E
MIN,003,001,S
MIN,003,002,5
MIN,004,001,S
MIN,004,002,5
MIN,005,001,S
MIN,005,002,S
MIN,006.,001,5
MIN,006.002,S
MIN,007.001,S
MIN,007.,002,S

»1=-6/ LOSE RATE COLSTRAINT SET LOW TO EMNSURE ITERATIONS WITH FEW HISTORIES
C SHIELD ONE» DEFLETED URAMIUMA OUTER BOUIDARY
019292¢5,091000,90,19,2+6/

C SHIELD TwO» #IX1 OUTER ROUNDARY

120293157 ¢001000+95+16,497+5/

C SHIELD THREE, MIX2 OUTER BOUNDARY
#3029401500,1000915294.60445/

C SHIELD FOUR, wIX3 OUTER BOUNDARY
24029501500010000167012.80245/

C SHIELLC FIVE, RORATED WATER OUTER ROUNDARY
15029901179 09100600182010145/

0009 o A o o K o o o o oo oo ol o o R oK o K o K e g Ak ok oK K K K o o o KR R e o K o Ao K KoK o o R o o o ok ok o ok oK K
_CARD IMAGE *%%,000,001,H
CARD IMAGE *%*,000,002,H
CARD IMAGE x%%x,000,003,H
CARQ"EEA§ﬁ<***,OO0,004,H
CARD IMAGE x**x,000,005,H
kiR kR Rk Rk kR Rk kkk] 2345678901234547890123456789012345678901234567890123456789012345678901234567890

CARD

IMAGE

CARD
CARD
CARD

IMAGE
IMAGE
IMAGE

QUI,000,001,H
QUI.001,001,I
QUI,001,002,1
QUI,001,003,1

CARD
CARD
CARD

CARD

CARD
CARD

~ CARD

CARD
CARD

"~ CARD

IMAGE
IMAGE
IMAGE

IMAGE

IMAGE
IMAGE

TIMAGE

IMAGE
IMAGE

IMAGE

QUI,001,004,1I
QUI,002,001,11
QUI,002,002,11
QU1,002,003,11
QUI,002,004,11
QUI.002,005, 11
QUI,002.006,11
Qu1,002,007,11
QuI1,002,008,11
QUI,002.009,11

C DEP OSITION I;; REGIONS Is NOT REQUESTED(POINT DETECTOR ONLY)
C LFA KABGE OF gnFRGY IS NOT REQUESTED(POIMT DETECTOR ONLY)

C CHA NNEL DETECTORS ARE NOT DEFINED

C NOI SE FUNCTIQNS OMLY APPLY TO CHA NMEL UETECTORS

C PLO T OUTPUT 1S NOT REQUESTED(CALCOMP)

QUICK PLOT

C IN1 = 1, INTERPRET LIMIT

C IN2 = 1, REQUESTS ARE BEING INPUT

C NQUICK = 8» gIGHT QUICK pLOTS

v1¢1,8/

C N(E) VERSUS g

C INTEGRAL OF [y(E) VERSUS E

C TOTAL FNERGY fFLUX VS SOURCE REGIOM

C TOTAL ENERGY pgLUX VS SCATTERING REGIOM

C TCOTAL ENERGY gpLUX VS ORDER OF SCATTER

C DOSE vS SHIE p OPTIMIZATION ITERATION

C WEIGHT VS SHIgLD OPTIMIZATION ITERATION

C SHIELD THICKNESSES VERSUS SHIELD OPTIMIZATION ITERATION
’

10,0010,2921,0,22+0123¢10030+0030¢1+30,2/



THE FASTER=III PROGR:

FRAF KK A SR AR ok koK LUNTT SHIELD TEST PROBLE Mtk s Kokdok kkdok ok ok k% kkk ko b kk CASE 1

7.“.JCRUAN-A.P,T.RESFARCH********#*w******************PRIHARY NEUTROMS * ook ¥ X dok ko ok k¥ sk ek ks k% xPAGE 70

EAAAE AR A AR A A KA AN K AR A AR A A FA I A ok AR A KA RAA A S AR KA AR o R oo oo o Ao o oo oo o o ook o o
***************************123&567990193u55789012345678901234567890123“567590123&5678901234567890123“567890

CARD
CARD
CARD
CARD
CARD

IMAGE
IMAGE
IMAGE
IMLGE
IMAGE

OPT,000.001,.H
OPT,001,001,1
OPT,001,0C2,1
cPT,001,003,1
OPT,001,004,1

CPTI Ml

C Inl = 1» INTSLPRET LIMIT-OPTION

C IN2 = Dy THIS SECTION HAS MO OTHER INPUT

C MOBIAS = 1» TiE PROGRAM wILL CALCULATE O-rTIMUM BIASING PARAMETERS

1 0 1

*t*********************************************************************************************************

CARD
CARD
CARD
CARD
CARD
CARD

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

*%%,000.001,H
*x*,000,002,K
*%x%x,000,003,H
*%%,000.004,H
*%x%,000,005,H
**%x,000,006,H

BIA SIMNG OPTioHS ARE USED AS RUILT IN

PSE Ul SPHERICAL SOURCE IS USED AS BUILT IM

REL ATIVE SOupCE IMPORTAMCE IS USED AS BUILT IN

RAT I0S OF SOURCE VARIABLE IMPORTANCE ARE USED AS BUILT IM(NOT USED)
PRE FERRED POIMT DATA IS USED AS INPUT

SPA TIAL IMPQ3TANCE IS USED AS BUILT IN

OO OO0

ﬂg*yg***********************12345678901234567890123456789012345678901234567890123456789012345678901234567890

CARD
CARD
CARD

CARD
CARD
CARD

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

CAP,000.001,H
CAP,.001,001,1
CAP,001.002, 1
CAP,001,003,1
CAP,002,001,E
CAP,002,002,E

CAPTURE
C IMI = {» NOT GSED
C INM2 = 1, CAPTURE RATIOS ARE BEIMG INPUT
0 1
C PROBRABILITY oF GOING TO A ANALOG SLOWING DOWN CALCULATION = 1/4 PER COLLISION

’ 10*0.25/

***********************************************************************************************#***********

CARD
-.CARD
CARD
CARD

. CARD.

CARD

IvAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

*x*%,000,001,H
*%x%,000,002,H
*%x%,000,003,H
*x%,000,004 ,H
*%%,000,005,H
***0000.006,“

C SHO RT CIRCUIT IS NOT REQUIRED FOR UNIT SHIELD PROBLEMS

C ROT ATE AND TRANSLATE OPTION IS NOT REQUIRED

C ARR AY DIRECT INPUT IS NOT USED

C DUM PS ARE NOT REQUESTED

C PRI NT SUPPRESSION COULD HAVE BEEN USED FOR THE MULTIGROUP CROSS SECTIONS
C NEX T CASE IjpUT HERE WOuLD INCREMENT THE CASE NUMBER ONLY

t**************************1234567890123456789012345678901234567890123“567890123“5678901234567890123“567890

.CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

tl-4

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE

EXE, 000,001,
EXE,001,001,1
EXE,001,002,1
EXE,001.003,1
EXE,001,004,1
EXE, 001,005, 1
EXE,001,006,1
EXE,001,007,7

EXECUTE

C INl = 1, INTERPRET LIMITS

C IN2 = 9, NOT ySED

C NPOINT = 1, guUM POINT DETECTORS INDIVIDUALY

C WPRINT = 1s ¢y E PRINTOUT(FIMAL) ONLY

C HUNITS = 16, FMERATE 16 HISTORIES

C KALILF = 15, p MAXIMUM OF FIFTEEM COLLISIONS PER HISTORY
1 0 1 116 15



THE FASTER=III PROGRAM sk ¥adokkkk# ktdddd gy v doaxadkUNIT SHIELD TEST PRODLEM stk ko soadkokwkkkk ek kxkkkCASGE 1
ToeMeJORDAN=A R o T e RESEARCHAokk sk ook 4k 4k K Kok s %Ak Rk ARk kX ¥ PRIMARY  MEUTRON SRk ook SRk sk ok ook kxk ke x kxPAGE 71

sk ok kokkpokokkkkkkkokk THIS CASE USES 1031 L OCATIONS FOR INPUT, 15276 LOCATTIONS TO RUNsokokk gk sk &k koK gk kok
GO*GO*G0%GO%XGOXGO*GO*GOKGOXGOKGO¥G N+ GU*C0xGO kGO xGOXGOXBO*GOXGOXGO¥GO*, O*GOXxGO*¥GOXGOXGOXGO*GOXGO*GO%GO*50%GC

G1-g’



THE FASTER=ITII PRCGRAN Ak Ak kAR R Rk gy g dokkokxok K UNIT SHIELD TEST pROGLENMk ek ¥ kkh Rk kkhkkhkxkkx ek xkxCASF 1
TaVia JORTAN®A ¢ 1Ky T REGE ARC ok ok ko ok Kk k Kt gk kAN kR KR PRIMARY MEUTRON Shddokkak kb kdokkkkkr kR kk kX k%PAGE 72

91-d

0,0000

0,0000

9.1414+02

16 FaCKETS ok Kok ik ko4 ook ok ok o 3ok o o 3k ok ook K R ook 0K & K
AVERAGE RUVDER FLUX EMEFRGY FLUX MUMBER FLUX ENERGY FLUX MUMBER FLUX ENERGY FLUX

RETFCTOR, e e 1 G (1 140000+00 DOCGQG 0.G000 10002400
Xk K Ak K ok A kK gk b koK Kok R Rk kR Kok F L UYES Fog NETECTOR 1 AFTER
CALCULATED
PRECTISICK [HERGY=mlV  SFRT-TIVE DERIVATIVE  THIS GROUP
GROUP leoe Zo2634-01 1,3222+C1 6e23503=03 Be2374=02 1.6884=-C2
GROUP Cess 32:3976-01 1,2860+401 2e1231=02 23076=01 4.6920=02
GROUP 3eee 3.6396=01 8490504306 2e7423=02 2.4420-01 4,9636-02
GROUP Ueee 3.8336=01 6.,8775+00 8+0240=-03 5.5212=-02 1.7019-02
GROUP Seee 5.9562-01 5.4121+CC 3¢3140-04 1.,7936=03 3.6454=04
GROUP Bees £.1123~01 L, 4266+C0 1e7982=05 7.96C1-05 1.6184=0%
GROUP Tese &45210-01 S 4T703+90 5¢3348=08 1.8513-07 5.6549=08
GROUP  Bsee 6,9655=-01 2.7139+60C 4.0605=-07 1.1020-06 2.1927=-07
GROUP 9.0¢ 6.2985=01 2.3786+0C lel43p5=07 3.3597=07 3.3900-08
GROUP 10,+s BR.7180-01 2.0338+4+0C 3.7036=-09 7.5330=-09 1.4815=-(009
GROUP 11..¢ 9.3474-01 1.5175+060 6e35812~11 9,6833=-11 3.,0630-11
GROUP 124+ S.6675=01 1.,2371430 76¢1528=13 B8.8491=13 1.7167-123
GROUP 13..¢ 9.6815=01 1.7C624C0 l.1080-15 1.1148=15 2.2160-16
. GROUP 14,,, 2,6821-01 5¢5513-61 1.8001-13 1.1793=13 6.4805=-14
GROUP 15,ss 9.6825=01 5.0924=01 T7e¢3357=19 3.7362-19 1.,0271-19
GROUP 16,4+ 00,0000 2.,7726=-01 €.8930=23 1,9112=23 2.0679=23
GROUP 17..+ 0.,0000 6.2500=02 7¢8259-35 4.8912~36 T7.4346=36
GROUP 18,4+ 00,0000 0.6500 0.0000 6.0000 0.,0000
GROUP 19,.. 00,0000 C.0000 0.0000 0.0000 0.,0000
GROUP 20.9' 0.0000 0,090¢C 0!0000 0.0000 0.,0000
GROUP 21,.. 0.0000 0.0000 0.0050 0.0000 0.,0000
GROUP 22.,.. 0.0000 0,000C C.0000 0.0000 0.,0000
GROUP 230!0 0.0000 0.0500 000000 000000 000000
GROUP 24,.. 00,0000 0,0000 0.0000 0.0000 60,0000
GROUP 25,.. (,0000 0.0000 0.0c00 0.0000 0.0000
GROUP 26,4+ 0.0000 0.0000 0.0000 0.0009 0.0000
R R KRRk Rk ok aokNUMBER FLUX RESPOp.6ES FOR DETECTOR 1 AFTER
NUMBER FLUX ENERGY FLUX MEV/cc=H20 RADS/HOUR REM/HR(TMY)
GROUP lees 1.6884=02 2¢2323-01 1e4647=07 3.4612=-07 1.9417=05
GROUP 2ees Ue6920-02 5.0396~01 Je7696=07 9.,6186=07 5.3958~C6
GROUP Beee UL,O636=-0C2 h.42¢01=01 3.9027-07 9,5443-07 S.6180=-06
GROUP Beeso 1,7¢19-02 1,1705-61 12725-07 3.0473=07 1.8535=-06
GROUP Sees 3I.H6454=-04 1.,9730-03 2:5808=09 6¢10979=09 3.9442=-38

THIS GROUP
2.2323'01
5,0998=01
4,4201-01
1.1705=01
1.9730=03
7.,1041=08%
1.9624-07
5,9508=07
8,0033=08
300132‘09
2.2297‘16
4,2456=14
5.2306=20
0.0000
0,0000
0,00€0
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000

2.,4767=06
5.0963=038

CUMULATIVE
1.6884-02
6.3804=-02
101344—01
1.3046~01
1.3082-01
1.3084-01
1.3084=01
1.3084-01
1.3084-01
1.3084-01
1,3084=01
1.30684~01
1.3084=01
1,3084=01
1,3084=01
1.3084=-01
1,3084-01
10308“‘01
1.3084=-01
1.3084=01
1.3084=-01
10308“-01
10308“‘01
1.3084'01
10308“'01
1.3084-01

CUMULATIVE
2.2323=01
703321‘01
1.1752+00
1.2923+00
1.2942+00
1.2943+00
102943+00
1.2943+00
1.2943400
1.2943+00
1.2943+00
1,2943+400
1.2943400
1.2943+00
1.2943+4+00
1.2943+00
1.2943+400
1.2343+00
1.2943+00
1,2943+00
1.,2943+00
1.2943400
12943400
1.2943+00
1.2943+400
1.2943400

16 PACKETSkkkakkikrkpkkxkk ik kgnks
REM/HR (GHA)
205“95-06
7.0849«0g
7.4049=0g



THE FASTER=III PROGRAM #kkikkkakskddk¥pppkktokrkx kU UNIT SHIFLD TEST PRUALEMakskkkakmkkkrkknkkkkxnxkxxkCASE
TeiMe JORDAN=A R T o RESE AR CH ik sk dokosk Aok b ok K ko K ey o d0k ko kb ok ok kPR TMARY

GROUP  B4se 1.6184=05  7,1641=05 1le1p32=10 2.5400=10
GROUP Teos 5.6549=-08 1.9624=07 3.5775=13 8.,0910-13
GROUP Beee 2.1927=07 5,2508=07 le208U4=12 2+7395=12
GRCUP 9,0e¢ 3.3900-08 B.03533=-08 le7634=13 3.8597=13
GROUP 10,es 1,4815-09 3.2132~-09 7¢5223=15 1.6303-14
_GROUP 11,.s 3.0630-11 4,6480=~11 1.3809~16 3.,0288~16
GROUP 12,e¢ 1.7167-13 2.1238~-13 741995=19 1.,5249=1n
GROUP 13,es 2.2160~16 2.2297=16 BeT623=22 1.7127=21
_GROUP 1l4,e¢ 6.4805-14 4,2456=-14 1.9958~19 4,3448=-19
GROUP 15,.., 1,0271-19 5.2306~20 2¢8473=25 643475=-25
GROUP 164¢¢ 2.0679=23 5.7335=24 Be2060=29 7.7813-29
_ﬁRQUPM 1760 T 4346-36 Ub,6466=37 00000 0.0000
GROUP 18.,.. 10,0000 0.0000 0.0000 0.0000
GROUP 19,,. 10,0000 0.,0000 0.0000 0.0000
6ROUP 20,.. 0.0000 0,0000 040000 0.0000
GROUP 21,4 10,0000 0.0000 0.0000 0.0000
GROUP 22,.,. 0,0000 0.0000 0.0000 0.0000
GROUP 23,,. 0,0000 0.0000 0.0000 040000
6ROUP 24,,. 0,0000 0.,0000 0.0000 0.0000
6ROUP 25,,. 0,0000 0.0000 0.0000 0.0000
_GROUP_ 26,4« 10,0000 0,0000 000000 0.,0000
TOTALS...O.. 103084-01 1.,2343400 100439-06 2-5736-06
MIN ERROR,ee¢ 1.9538-01 1,9427-01 1.9456-01 1,9579=01
MOD ERROR.es 3.5096=01  3,4955-=01 3.5052=01 3.5077=01
MAX ERRORe¢e 3,5363-01 3.5006=-01 3¢5290-01 3.5274=01
Rk kpkk ek krkxakkskkSUGGESTED CHANGES IN THE IMPORTANCE
SPA 1oes B8+1903=01  7,7411=01 8.1219-01 8.0737=01
SPA 2e0e¢ 9.9491~01 9,9656-01 9.9488-01 9,9552=~01
SPA 3eee 845151-01 8,0997=-01 B8e¢4540=01 8.4099=01
SPA_ H.es 1,1818400 1,2405+00 1.1910+00 11959400
SPA Sees 908516-01 9,8318-01 908“87"01 9,8457=01
SPA 6eee 9.9363-01 9,9278~01 9.9350-01 9.9338-01
SPA Tees 9.9301=01 9,9201-01 9.9255~01 9.9271=01
SPA 8ese 1,0000400 1,0000+00 1.0000+00 1.,0000+00
PRE leee 1,2731400 1,1597+400 1.2602+00 1.2497+400
PRE 2000 =3,4725=01 =4,0135=01 =3.5370-01 =3.6613=01
PRE Jeee 1,4730+00 1,5309+00 1.4841400 1.4885+00

NEUTROM S o ok ok KK ok 3ok ok okok Kok ok ko ok Kk kk xkPAGE

1
73

SAMPLING PARAME TERS®kakkokk ik ® ok &Rk kK 4ok Kk ok gk

1.7738=99 2.1488=09
5.7405=12 7.2234=12
2,0821-11 2.,7386=11
3.,2205~12 4,1777=12
1.,39290-13 1.,8365=13
2.8087=15 3,8992-15
1.5541=17 2,2216~17
1.8794=20 2,8339=-20
4,2668~=18 6.,2654=18
5:9834=2% A,2522=24
1.,1167-27 1,0883-27
0,0000 0.,0000
0,0000 0,0000
0,0000 0,0000
0,0000 0,0000
0,0000 0,0000
0.0000 0.0000
0,0000 0,0000
00,0000 0,0000
0.0000 0,0000
0.,0000 0,0000
1.4850~05 1.9569=05
1.9573=01 1.,9561-01
3.,5084=01 3,5087-01
3,5331=-01 3.,5338=01
8+1575=01 8,1650=01
9,9501~-01 9,9499=01
Qa.4873~-01 8,4933=01
1.,1859+00 1,1849+00
9,8501=01 9,8504=01
9,9356=-01 9,9358=01
9.,9292-01 9,9294=01
1.0000+00 1.0000+400
1.,2668+00 1,2684+00
-305280'01 -3.5162'01
1.,4778+00 1.,4766+00



THE SASTER=TII PROGRI U gdddrekr o ook bk vxxk s INIT SHITLD TEST PRV LEN Aok kakkdonkkt kkx kkkwkkxxxCASE
T et e JURDAN=A 2 (T o KECEANC) ks ¥ kkok 4 ¥ bk ok oy Ak kok 5k kP RIMARY MEUTROMG Rk Rk ok ook ox bk ok ok k Kk kO AGH

g1-d

PRE Bbeoe 1.6542+0¢ 1.6972+403 1.65627+00 16698400
FPSE less 1.2000+401 1,0000+33 1003$D+01 1.0000+91
PSE 2eee 1,0107=01 4.7256~52 Felpr2=02 B.26U40=-02
PSE Jees 1.6692+00 1.1806+3C 1.0a302+00 1.0996+006
REL Jeoo 100000+Oﬂ 165000+ 3¢0 100000+00 100000+00
REL 2... 0-0000 0.(")00 000000 000000
RAT 11,00 0.0000 0.3000 0-0000 0.00090
RAT 12, 1,0000400 1.,0080+05 1.0000+00 1.,00060+00
RAT 13,¢¢ 1,0000400 1,09000+00C 1+0000+00 1.0000+00
RAT 14,4, 1.00C0+00 1,3000+405 10002400 1.0000+00
RAT 15,0 1,00C00+00 1,45000+20 1.0000+00 1.0000+00
RAT 2le9es 1,0000400 1,¢200+40C 140000400 1.0000+00
RAT 22¢00 1,0000+00 1.0000+4GCC 1.0g00+00 1.0000+00
RAT 230+ 1.,0000+00 1,0000+0G 1.0000+00 1.0000+00
RAT Plses 1.0000+00 1.0000+08 1.0p900+00 1.0000+00
RAT 25,00 1,0000+00 1.0000+0GC 1.0000+00 1.0000+00
ook ROk ok ok ook UMBRER  FLUY MOMENTS FOR DETECTOR

, A ITERANT | SOURCE 1  SOURCE 2  SOURCE 3
GROUP leee 6.2303-023 6.,2303=-03 L.00g0 0.0000
GROUP 2e0s 241231-02 2.1231-02 0.0000 0.0000

. GROUP Jeese 2.7423-02 2,7423-02 0.00n0 0.,0000
GROUP boeso B,0280~-02 £.0280-03 0.0000 0.0000
GROUP Seee 3¢3140=-04 343140=-001 000000 0.0000
GROUP 6ses 1,7982=05 1.7982=35 0.0000 0.0000
GROUP Teee 5.,3348-08 5.3348=~08 0+0000 0.0000
GROUP Bees U,0605-07 4,0605-07 0.0000 0.0000
GROUP 9eee 1,4125-07 1,4125=07 0.0000 0.0000
GROUP 10esee 3.7038-09 3.7038=-09 00000 0.0000
GROUP 11,.. 6.3812-11 6.3812~-11 0.0000 0.0009

_GROUP. 12,+¢ 7.1528=13 7.1528-13 D.0000 0.0000
GROUP 13,40 1.1080-15 1.1080-15 000000 0.0000
GROUP 14,,. 1.8001~13 1.8001~13 Ce0000 0.0000
GROUP 15.9. 703367-19 7.3367-19 000000 000000
GROUP 16¢00 6,8930-23 £48930=223 000000 0.0000
GROUP 17600 7.8259-35 748259=35 0.0000 0.0009
GROUP 1809. 0.,0000 0.,0000 000000 0.0000
GROUP 19,.,. €,0000 0,9000 0.0000 0.0000

1

1.6591+230
1.0000+21
9,5867-02
1.07R2+286
1.,0000+10
0.000¢
0.0000
1.0000+60
1,0900+0
1.0000+C3
1,0000400
1.,0000+00
1.0000+00
1,0000+20
1.0000+20
1.0002400
AFTER
SOURCE &
0.0009
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000

16

1.65768+00
1,0000+401
1.0761+00
1.0U00+400
0,0000

0,0000

1.,0000+00
1.,0000+00
1.0000+400
1,0000400
1,0000+0¢0
1,0000400
1,0000+00
1.0000400
1,0000+400

1
74

PACKETSH kg ko k e gkokk ok Aok ko kR ko

SQURCE 5 .

0,0000
0,0000
0.0000
0,0000
0,0006
0,0000
0,0000
0,0300
0,0000
0.0000
0,0000
0,0000
0,0000
0,0000
0.0000
0,0000
0,0000
0,0000
0,0000

SOURCE 6
0.0000
0,0000
0.0000
0,0000
0,0000
0.,0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

SOURCE
0.0000
0.0000
0.0000
0,0000
0,0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0300
0,0000
0,0000
0.0000
0.0000
0.0000
0,0000
0.0000
0,0000

7



THE FASTER=II1 PROGRAM skdikkakd ik puykrkkkakUNIT SHIELD TEST PRABLEM#kk* kxkkskkkkhkkrhxskhkCASE 1

TeMeJORDAN=A R, T ¢ RESEARCH ¥k sk kX 4k 4 ¥ ko ¥ Koo ok kAokok Rk Rk APRIMARY NEUTRONS %k s ik ok 3ok ¥ dokok ook kok ok ok ok Kook k kk k  PAGE

GROUP 20,es¢ 0.,0000 G,03900 0.0000 0.,3000"
GROUP 21,.s 00,0000 0.08000 0.0000 0.0000
GROUP 22,,+ 10,0000 0.0000 0.0000 0.,0000
GROUP 23,.. 0.0000 0,0C00 Ge.0000 0.0000
GROUP 24,.+ 0,0000 0,2080 C.0000 0.0000
_GROUP 25.,,+ 0,0000 0.,3000 0.0009 0.0000
GROUP 26,¢¢ 0.,0000 0.,0000 0.0000 0.0000
NUMBER FLUX 1,3084=01 1,3084«01 0.0000 0.0000
-..ENERGY FLUX 1.2943+400 1,2943+400 0.0000 0.,0000
MEV/CC=H20 1,0439=0¢ 1.7439=06 0.0000 0.0000
RADS/HOUR 2,5736-06 2.5736=0¢ 0.0000 0.0000
REM/HR(TMJ) _ 1,4850-05 1.,4850~05 0.0000 0.0000
REM/HR(GHA) 1,9569=05 1.9569~=05 0.0000 0.0000
kR kprkrrrkkkkkkxkaxkNUMBER FLUX MOMENTS FOR DETECTOR
e . . REGION 1  REGION 2 REGION 3 REGION 4
GROUP 1.00 2.7251-04 0.0000 8'6033‘05 1.8109=03
GROUP 2e0e 1,0474-03 7.8132=06 2¢3413=-04 Tet497=~03
_GROUP_ 3,40 1¢3721-03 1,7357=05 = 2.3540-04 1.1048-02
GROUP  heee 3,6U424-04 7+9133=06 4.0850=05 4.3953-03
- GROUP 6,40 1,0577-05 4,2962=07 B8+04g3=07 2.2568=04
_GROUP  6q0¢_ 3.0794=07 = 2,2786-08_ _1.5247=08 1.1492=05
6ROUP Teeo 2.4630~11 2.3958=12 50763=13 2.0786=09
GROUP " Bsee 141399-09 2.4493-10 2¢2146~11 7.8034=08
_GROUP 9., 1,1458-09  3,2508-10 1.9910-11 2.7950-08
‘BROUP  10eee¢ 6¢3960=14 2,4410~=14 6.8414=16 1,2033-11
GROUP 11.es 3,3119-138 1.6109-18 1.9631=20 3.3964~15
"GROUP 12,9 4,0591-24 3.3527~24 1.1019-26 2.4246-20
GROUP 13,.. 0,0000 00,0000 0.0000 4.4459~26
GROUP 14,,. 00,0000 0.0000 0.0000 2.5287=-23
GROUP 15,.. 0,0000  0,0000 0.0000 0.0000
GROUP 1649 0.0000 0.0000 OOOOOO 0.0000
G6ROUP 17,.. 0,0000 0,0000 0.0000 0.0000
GROUP 18,4 0,0000  0,0000 10,0000 0.0000
GROUP 19000 000000 0.0000 000000 0.0000
6ROUP 20,0 10,0000 0,0000 0.0000 0.0000
GROUP 21,.. 0,0000  0,0000 0.0000 ~ 00000
"6ROUP 22,,., 10,0000 0,0000 0.0000 . 0.0000

to
!

-

o

0.0000
0.0000
0.0000
0,0000
0.0000
0,0000
0.0000
0.0000
0,0000
0.0000
0.,0000
0.0000
0.0000
AFTER
REGION S
3.4202-17
4,5381-06
1,3984=05
2.8632=05
2.0210-06
6¢5371=07
9.9169-10
1,9510-08
1.8122-08
1.1162=11
1,2699-14
3,3940-~19
1.3920-24
3,8541-22
1.0397=34
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

16

0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0.0000
0,0000
0,0000

0.,0000
0,0000
0,0000
0,0000
0.0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
10,0000
0,0000

75

0.0000
0.,0000
0,0000
0.0000
0.0000
0,0000
0.,0000
0.0000
0.0000
0.0000
0,0000
0,0000
0.0000

PACKETS %k ok e 103k o 3ok o e e 2 ok o ok 0 o e ok o o

REGION ¢
906627-09
1,4583=07
3.8467=06

1.,7287=07 -

3,5551-07
1.0190-09
2.3%6-08
8.2501-10
301508-12
2.4211=14
4.9929-18
3.7504=25
4,4710=22
7.2215733
0.0000
0,0000
0,0000
0,0000
0.,0000
0,0000

REGION 7 SCATTER O
9,4686=09 4,0605=-03
2.2149-07 1.2487=02
9,6279=07  1.,4733=02
3.8789=06 3,1833-03
5.2541~06 8.6459=05
2,8626=06. 2.,2725-=06
“090“2'08 1.8956-~10
207698-07 601822‘09
B.7603-08 5.,2579-09
3.6770-09 3.7907-13
6.3771~11 2.1449-17
7.1528:‘1_.3___~ 3.2“96-23
1.1080~15 0.0000
1.8001-13 0.0000
7.3367=19  0,0000
608930-23 000000
708259‘35 0.0000
0,0000 __ 0.0000
0.0000 0.,0000
0,0000 0.0000
0.0000 __ 0.0000
0.0000 0.0000



THE FASTEK=ITI PROGI:

PREE AR dk ok kR Kk gy koo rokkUNTT SHIELD TEST PR ODLE sk Ak bk s dokxkx ks # 26 kkCASE 1

T,M.JORDAH—A.H,T.RESEA;CH********#t&**t***************PRIMARY MEUTFON 4ok kb sk £ X ok ok otk Kk kK ok x kxk k4 PAGE 76

GROUP
GROUP
GROULP
GROLIP
MUMRER

23400
2hoee
25...
Chove

FLUX

EMERGY FLLIX

MEV/CC=H20
RADS/HOUR

REM/HR (TMJ)
REM/HR (GHA)
kK ok Ok ok Rk Kook Rk ok kR ok ok [UMPER  FLITY

GROUP leoo
GROUP Cave
. GROYP Seee
GROUP Goene
GROUF 5600
GROUP Geee
GROUP Toeoeo
GROUP Boeooe
- GROUP Gees
GROUP 10400
GROUP 11.,..
GROUP 12,44,
GROUP 13,4
GROUP 14,,.
GROUP 15,,.
GROUP 1644
GROUP 17,4
GROUP 1844
GROUP 19,,.
GROUP 20,4
GROUP 21,,.
GROUP 22,444
GROUP 22,40
GRO“P 2“090
GROUP 25444

Oc-9

0.0600
C.0000
0200
0.0000
6e3209=02
6e2414=0p
Ee04C2=08
1.2438=07
7.1761~07
G,4558=-07

SCATTER 1
1,6858~03
S.3401~03
6.5782~03
107827“03
7.4834-05
308“72‘06
3.3574=10
1.3582=-08
3.,9944=00
1.0553=-12
9.2907-17
J3,4555=22
0.,0000
4,9771-27
0,0000
c.0000
0.0000
,0000
0.0000
0.0000
c.0000
0.3000
0,0000
0.0000
0.0000

Del00C0
0000
G.,0200
Sed000
645353=-05
S,u5L47=C4
5.1478=1C
1,2668~(9
Te4220=09
9. 80414=-(0

4,3508-04
3.1956=03
5.7482=(3
2.8094=(3
1.3653=04
5.2341-06
6+9749=10
2.,0619-0¢8
6.9812-09
2.8627-12
1,5959~-16
8,8750~22
1,2875-29
3.2426=26
0,0000
0,C000
0.0000
0.Cc000
0.03000
0,0000
0.0000
00,6800
0.C00C
€.000C
0.0000

OtOOﬂG
000000
Safgn0
O.G, .'-

102&&1“03
1+3101-02
1.01£7-08
2¢5146=0n8
lebyg7-07
105963'07

0.0000
0.0000
0.0000
0.00C0
S.0846=02
408?38-01
4,0270=07
3.9388=07
5.7639=06
7.6025=06

MOMENTS FOR DETECTOR

342970~05
1.3273=04
203“3“‘04
1-2713-0%
1-2“85'05
1.2427=06
309718-10
2¢5645=08
408951-09
3.5561-12
5¢5706=16
607070-21
607362-28
306383'25
0.,0000
000000
000000
0¢G0o0
0.0000
6.0000
0.0000
0.0000
Ce0090
OOOCOC
C.0000

SCATTER 2 SCATTER 3 SCATTER &

1.5183=05
6.8073~05
1.0807'0“
B+.5465-05
1.2280=05
1.“556-06
6543206=10
106367-08
1.1657=08
I4676=12
1.6126-15
1.3370-20
103882-26
2:0606=23
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0G00
0.0000
0.0000

00,0000 0,00C0
0.0000 6.,00CC
0.0600 0,00C0
0.0000 0,00%0
9,9795=15 1,2891~=05%
7.7880=04 9,6819=05
7.6182=10 9,7864=11
1.8454=~09 2.3587=10
1.1042=-053 1.,4224«09
1.4655=03 1,8865=-09
1 AFTER
SCATTER S5 SCATTER
7.1050=57 7.7727=0g
6+ 4975~06 7,9635=07
1,7135=35 3,3964-06
3.0184-25 5,8620-0¢
2.3162=05 6.3381=07
6¢3858-07 4,2800-~07
9.3405=10 1.1161=09
1,8980=08 2.7489=0g
1.811“—08 206978’09
9,2653=12 5,7142=12
9.4541=-15 2.,8242=14
2.9514-19 5,0346=-13
3+3865=25 1. 4455=24
1,0856=22 7.1647=22
1.0397=34 7.2215=33
0.,000¢C 0,0000
0.0000 0,0000
0.,0000 00,0000
0.0000 0.0000
0.0000 0,0000
0,0000 0,0000
0,000¢ 00,0000
6.0000 00,0000
0,0000 0.0000
0,000¢0 0.0000

0.,0000
0.,0000
0.0000
0.,0000
1.9661=05
1.,2106~-04
1,3960~10
3.3287-10
2.0813-09
2.7127-09

100755'08
1:9122=-07
4,2969=-07
2.8442=06
1.,2285=-06
208387-07
6.9187-09
6.3244~08
6.7450-08
4,3827-10
3,6645-13
2:6127-15
1.,2740~20
2+.5391=-19
201560-28
5.5705=-34%
0.0000
0.0000
0.0000
0,0000
0.0000
0,0000
0.0000
0.0000
0.0000

U,0300
60,0000
0.0000
0,0000
7.2112=02
7.2983-01
5.7815=07
10“266-06
8.2027-06
1.,0802=-05

16 PACKETS sk dkdkokkkk ok kokkokok ok ok kK
6 SCATTER 7



THE FASTER=III PROGKAM #kaikxsihdskkbdkpxsrhkakkUNIT SHISLD TEST PRFALEM K%Kk sknkkdkkkskiknnusskssCASE
ToeMeJORDAN=AGR ¢ T e RESEARCHucA s sk sk ok ok o ok kKo oy ok ok ok ok kK Xk PRINARY NEUTRGHS * kak kR Kk Rk kkkk k ke Kk ke k kkkkkPAGE

GROUP 264,40 0,0000 O0eGu00 OeC50
NUMBER FLUX 3,2142=02 2.4756=02 1+0912=03
. ENERGY FLUX 3,2116-01 2¢2679=01 1.00s0-02
MEV/CC=H20 2.5701-07 1,9445=-07 8¢54399=09
RADS/HOUR 6,3367-07 4.7828~07 241078~08
- REM/HR(TMJ) 3,6511-06 2,7907=06 142298=07
REM/HR(GHA) 4,.,8101-0¢ 3.6849=06 1.6235=07
ARk k Rk koo kR kkkSHIELD CERIVATIVES FOR
o _ SEGMENT 3 NORMAL 1 NORmaL 2
GROUP 1000 6.2303-03 ‘1.2893-03 ‘7.8975‘0“
GROUP 2ese 2.1231~-02 =4 ,2595=(3 '207“43-03
GROUP_  3,¢¢ 2.7423=02 =5,3984=03 =3+6892=03
GROUP beoeo B8.0280-03 =1,6346=03 ~1.1994=~03
GROUP Seee 3.3140-04 =5,9628=05 =5.5592=05
_GROUP  Byee 1.7982-05 =3,5164=C6 =3,0478=06
GROUP Teese 5.3348-08 =8,4427=09 =5,9406~09
GROUP Beos UW0605=07 <=B8,4895=08 =5.5512-~08
_GROUP _ 9ye¢ 144125=07 =4,4026=08 =1.8572~08
:6ROUP  104es 3.7038-09 =5,7996-10 ~bel4g20=10
GROUP 11,4+ 6.3812=11 =8,7433=12 “6+979=12
GROUP_ 12,4+ 7,1528=13 =9,0590~14 =7+.1592=14
GROUP 13,... 1,1080~-15 =-1,3967-16 '101111’16
GROUP 14,4¢ 1.8001-13 =~2,2686=-14 -l.8081-14
GROUP 15,44 _229367f;9mmf902736f20 -706301-20
"GROUP™ 16ees 6.8930-23  =8,9423-24 =8,7097-24
GROUP 17,4¢ 7.,8259~35 =1,0186=35 =9,9598=36
GROUP 18,4, 0.0000 0.C000 0.0000
GROUP 19,,. 10,0000 0.0000 0.0000
GROUP 20, 0,0000 0,0000 0.0000
_GROUP 21,.,. 0,0000 0.,0000 0.0000
?QROUP 22400 0,0000 0.,0000 0.0000
‘BROUP 23,4« 0,0000 0,0000 000000
GROUP 2444 0,00000  0,0000 0.0000
GROUP 25,4+ 0,0000 0.0000 0.0000
G6ROUP 26,40 0,0000 0.0000 0.0000
__NUMBER FLUX 1.3084=01 =2.,6213-02 =1.7489-02
=2:5972=01 =1.7151-01

WENERGY FLUX 1.,2943+00
3

0.0000
5.8387=04
5.2496=03
h¢e5696-09
1.1195~-04
6.5581=08
80663“-08
DETECTOR
NORMAL 3
-7.0241=04
=-2.4610~03
-3.3405=03
-100973-03
-5.2050~05
'209892-06
-8.1082-09
-6.7151-08
=1.9410-08
=6.4632=10
-1,0111=-11
-1,0313-13
‘105970-16
'205971‘1“
-1.1010-19
=1¢3099=23
=1.5074=35
0.0000
0.0000
0,0000
0.,0000
0.0000
0,0000
0.0000
0.,0000
0.0000
=1.5775=02
=1.5445=01

0.0000
1.1443=-04
9,141g-04
B.7695=10
2+1285-09
1.2692-085
1,6833-C8
AFTER
NORMAL. 4
-6e1760=54
-2.1847~-03
-2,9988~03
-0,9551-04
-4,8080~05
=2.8239=06
=7.1277=129
=6.3885=08
=1+9374=08
-5s7479=10
=8.6051-12
=-8.5027~14
-1.,3148~16
‘201377-14
=9,0982=20
=1.1126=23
=1.2835=35%
0.0000
0.,0000
0.0000
0.,0000
0.0000
0.,0000
0.0000
0.0000
0.,0000
~1.4096=02
=1¢3775-01

16

0,0000

2.15u5-05
1,6765=04
1.6502-10
309923-10
3.1739=09

0.0000

809239-06
6'1975‘05
6.,6576=11
1.5988-10
9,7640-10
1,2918~09

PACKET Sk s o o s o ok o 3 o o o 3ok o o o oo oo oK K K

NORMAL s
-5.2594-04
-108829°03
-2,6211=03
=8,7986=04
-4,3753-05
-2.7669-06
-1,1083-08
-706905-08
-2,7048=08
-0,1843=10
-1,9494=11
-2,7059=13
-5,3349=1¢
-708055‘1q
-4,6714=19
-5,2757=23
‘9.0919'35

0.0000

0.,0000

0,0000

0,0000

0,0000

0.,0000

0,0000

0.0000

0.0000
=1.,2247=02
-1,1942=01



THE FASTER=III PPOAS

MEV/CC=H20 1,0439~0¢

RADS/HOUR  2,5736-0a
REM/HR(TMJ)  1,4850=05
KEN/HR (GHA)  1,95609-05

A K Kok o KKK ROk K Kb ok kK SHTEL D LERIVATIVES FOR

SEGMEMT

6ROUP  1.,. 0,0000
GROUP  2,,. 0,0000
GROUP  3,,. 0.0000
GROUP  G4,4s 10,0600
GROUP  5,,. 0,0000
~GROUP 6.4, 0.0000
GROUP  7,,. 0,0000
GROUP 8,4+ 10,0000
6ROUP  9,,, 0,0000
GROUP 10,4+ 0.0000
GROUP 11,,, 10,0000
~GROLP  12,,, 0,0000
GROUP 13,,. 0,0000
GROUP 14,,, 0,0000
_GROUP  15,,. 0.0000
GROUP 16,4+ 0,0000
GROUP 17,4, 0,0030
. GROUP . 1B844.. 0,0000
GROUP 19,,, 0.0000
GROUP 20,,. 0,0000
_GROUP _21,.. 0,0000
GROUP 22,4, 0,0000
GROUP 23,,, 0.0000
_.GROUP 24,,, 10,0000
GROUP 25,,, 0,0000
GROUP 26,,, 0,0000
NUMBER FLUX 6,0000
ENERGY FLUX 0.0000
MEV/CC=H20 0,0000
RADS/HOUR 0.,0060
REM/HR(TMJ) 0.0000

ce-4

2

-2e0922=07
-Hhe1571=37
~3,9206=06

=1e3530=07
"3043?2‘07
=1.9£32=06
~ebit1=06

SR LSS AT T 2 TE PR SIROp e I & ¢ SHIFLD
T.M.JC?UAN—A.ﬁ.T,HESEAHCH**********************wt*****PRIHAQY

=1+2560=07
-3,0045=07
=1.7885=04
=2+3575~036
DETECTOR

‘1'1219“97
'207639'07
=1.5979=-36
=-2.1064=-04
1 AFTER

TEST PResflLF Mackak bk k sk bk kp Khna sk kkxCASE 1
NEUTRODS Akopsok sor KRk ook kbR k ok ok k% £xPAGE 78

-0,7433=-08
-2,4001=07
-1,3881=06
-1.8299=04
16 PACKE TS Rtk oo s koot ok ok Kok ko ok 4ok o & ok



THE FASTER=III PROGRAM sxkskdkdkkkdk ki kkkxxdxkUNIT SHIELD TEST PROELEMkks*kkpkxxknknkakasnrksxxCASE 1
ToeMoeJORDAN=A ¢ R ¢ T o RESE AR C ik 4 e ok ok A e bk ok koK oK e o ke Rk okok Rk kR kPR IMARY HJEUTROMGHRokgokkkd kkokkkkaokkkkkkkxkkkkkexPAGE 79

REM/HR(GHA) 0,0000

s ot T et e <o =

B e e T



THE FASTER=III PROGH[I4 s skkkdoh X% ¥ ¥k 4 ook xkk HIT SHIELD TEST PROGUE KAk ¥ kkkkkokkkkkkkkkkxkkkxCASE

1

Tota JORDAN=A e R T o RESEARCH % 40k ok dosk ok ok Kok Ak g g dAAA K kw ¥k kPR IIARY NEUTROMZ Rk koo 6 ¥k Kk ke ke xk k%% xPAGE 50

Rk kkok Rk kR Rk xQUICK PLOT OF Y = Lo, (TOTAL FLUX = TYPE 0) VERSUS X =

-1,0000+00
-2,00004+00
~3,0000400
-4 ,0G004+00

-5.,0C00+400 -

-6,0000+00
-7,0000+00
-8,0000+00
=-Q,0000+00
=1,0000401
..=1,1000401
-1,2000401
~1,3000+01
=1,4000+01
=1,5000+01
=-1,6000401

=1,7000+01

=1,8000+01
=1,9000+01
. =2.,0000+01
-2,1000401
-202000+01

=2.3000401

-2.,4000401
-2,5000+01
 =2,6000401
-2,7000+401
-2,8000+401
. =2,9000+01
-3,0000+401
-3,1000+01

-3.2000401

~3,3000401
=-3,4000401
=-3,5000+01

he-d

=

-2,0000+00

LOG {ENERGY ) fokk sk e ok 0 oo B K oo Xk K

x X

*

*

2,0000400=X



THE FASTER-III PRCGRAM AR Kok ok A R ok K g gokkokk kR UNTT SHIFLD TEST pRqvng********************ix***CASE 1
ToMoJORDAN®A ¢ R o T o KEGE AL CHokook % sk ok deskokok Kok R Kok e kokok b ok kR ke PR TVARY  MEUTRON % dokakokok ok ko ko koxkokkonkpk kxxk kxPAGE 31

**I*;;;;*E;**********GhlCK PLOT OF Y = LOG(TOTAL FLUX = TYPE 2) VERSHS X = LOG(ENERGY ) k¥ skxaskkkkkhk¥ £ xx4 X%
-1, +
=1,0588+00
-1,11764+00
=1.1765+00 * * % * * * *
212303000 * * * KK kR AREKEX .
=1.,2941+4+00
-1,3529+400
=-1,4118400
=-1,4706+00
-1,5294400
._=1,5882+00 *
-1,7059400
_=1,7647+400
-1.8235+400
-1.8824400
-1,9412+400_
«2,0000+00
-2,.,0588+00
=2,23534+00
-2,2941+400
-2,35294+00
-2,4118400
. =2,4706400
=2,5294400
-2,5882+00
. "2,6471+00
=2,7059+00
. m2,7647+00
- ™=2,8235+00
-2.882“4‘00
-2,9412400
_=3,0000+00

X= =7,0000+00 T 2,0000400=X



9e-4

THE FASTER=ITI PROGRAN xakestoakit kb oxpppssrsrsr! NI SHIELD TEST PPOVLEL sk osmksnb st xsshnrsakrexCASE

1
ToM'dORDAM-A.R'T'HFSEAWCH*********,*******************PRIMAQY “EUTRO“S****I************************pAGE

ne

SOURCE ENEPGY FLUX) VERSUS ¥ = COMPONENT TNDEX#®sskskksnskhhkss

kKRR Rk Rk GUICK PLOT OF Y = LOA(
KK ok RO R RO R R Rk R KRk ARk THE GANGE OF X AMD/OR Y TS ZERGs 4 ookt 3ok ok ok ko op oKk ook ko ok £k 40k %



THE FASTER=III PROGRAM * ok ok ok Aok doKok K o kokokkokkUNI T SHIELD TEST PROBLEM********t****t***t*******CASE 1
T.M.JORDAN-A.R.T.RESEARCH*****************************PRIMARY NEUTROMS****************t********#**tPAGE 83

kork ko kakkkkaoxkxxQUICK PLOT OF ¥ = LOGI REGIONM ENERGY FLUX) VERSUS X = COMPONENT INDEX#kkkkkkakk® ks kkkhk

06,0000
-1."‘706‘01
=2,9412-01 *
-4,4118=01
-5,8824=01
-7,3529=01
-8,8235=-01
-1,17654+00 =%
-1,3235+00
-1,4706400
-1,6176400
~1,7647+00 ' :
=1,9118+400 o . . * .
=-2,0588400
-2,2059400
 =2,3529400 —_ e e —_—
=2,5000400
-2,6471400
C =2,7941400 . . P
-2,9412+400
-3,0882+00 *
=3,2353400 0 _* . . ,
-3,3824400
-3,5294400
=3,6765+00
-3,8235400 :
«3,97064+00 * *
 =4,1176+00 S , - L i
i, 2647400
-4,4118400
'_‘6.558&:&9 e . o . . - . e e
=4 ,7059400
-4 ,8529400
=5,0000400 )
X=" 1,0000+00 ' ~ 1.0000400=X

c-d



THE FASTER=LTI PRCGRANM tkkkkkkkdssdok kb g pxdhrsdk NIT SHITID TEST PROGLED ks ¥k astorka ks xxxx k6 xxCASE 1
T oM e JCRDAN=A o 11, T o RESE AR C Hok ks Ak ok ¥ Kok ok Koo ko Aok ok ok ok e PIRIMARY NEUTROMS # #okkokk & badorkiookkr ek ke ki xkkkPASE 34

kxR ERRkRErkkxkQUICK PLOT OF Y = LOG( oCATTER FNERGBY FLUX) VERSUS X = COMPONENT INDEXa*kkxkktbiskkkhrgss

0,0000
=1,4706=-01 =
=-2,9412-01
-4,4118=-01 *
=5,8624=-01 *
-7,.3529-01
-8,8235~01
-1,02944+00
=1,1765+00
-1,3235+00
=1,4706+00
-1,6176400
=} ,7647+00
. .=1,9118+400 ,
=2,0588+00 *
-2,2059+00
. =2.3529400
=-2,5000+400
=2,64714+00
=2, 7941400 . , ..
-2,9412+400
-3,0882+00 x
=3.2353400
»3,3824400
-3,5294400
. =3,6765400_ . .
-3,8235+400 *
=3,9706+400 '
-4,1176400
-4,2647+00 *
-4,4118+00
.-915568+00
-4 ,7059400
-4,8529+00

«5,0000400
X= 0,0000 . 7.0000400=X

ge2-g



THE FASTER=II1 PROGRAM sk kssokkkkdokd® kykhdarkk UNIT SHIELD TEST PRIPLE #xkkkknksonkikkkhrshnnekskkCASE 1
T oMo JORDAN=A ¢ R o T ¢ RESE AP C Aok ¥ kok ok o ok Aok o s ook ok ok okok Xk kPRIMARY NEUTRAOMS Aok ek ok Rk Kk kk ko kokkokkkkkkkkxkPAGE B85

ook ok oKk Rk kR kR kR BOUNDARY SEARCH PAR,FTERSy (SURFACE,MOST PROBAZLE HEXT REGION) ke kakkx sk ki kkk kK% k¥
REGION 1¢ 1, 2)
_REGION - 2¢( -1, 1) ¢ 2 3)
REGION 3( -2 21 ( 2 4)
REGION 4 ( -3 3)( “hy 5)
REGION 5¢ -4, 4y Se &)
REGION 6 ( -5 5)( 6 7)
REGION 7¢ =6 6)( T 8)
_REGION 8¢ =7 7)¢ 8y =-11)




R N L L AR I ST LT T S N e e of Rt 2

AR AR A SA AL AL E P P FPET NI TR SIS TS o AT G200 |
3!**1*****t*t*ttttt*******#**tpkéﬁ 1

T FagTER-ITH L
T.“.JOWLAH-A.K.T.:L;Muer»*««m***aq**r***:u**t********PRICﬁRY SEUTE G

*‘******#*************#t*#**lttg*w#*i*t*‘****************************&y******‘****************‘***"*“**‘*
***************************’23”567“ﬁ91?3u557ﬂ901?5ﬂ5679901?3&567690125N367?901234567890123“567890123456789C

CARL IAGE TAP,029,001 1 TACES

CAPE T rAGE TACG021,000,1  © UITFLE SUURC) TAPE COMTATNIAG FLUYES FAR SECS DAY SOURCES
CARD INAGE TAF,001,002,1 1S - S

ot-4g



THE FASTER=ITI PROGRANM k¥ dokdkkikskkkkkkkpny o kkkkkkkUNIT SHICLD TEST PROBLEN sk kkkmkkkkk ek khkxknxxCASE 2
T oMo JORUAN=A o F2 o T o RESE AR C Hok sk a4k 2k K ok 40K K Ko,k ok koo Kok koA PIRIMARY  NEUTROMS ARk sdkodok KAk ko ko ko Kk ke x kX kPAGE 1

3 o oK o o R oK o oK K o K oK o oK ok KR ACK KK o KKK o g ke Kk R ok K AR K R K K oo o R o K o A K R K R o K R KR R K o o K kK
A ROKROK R KK kKK KRR KR Kok Rk k k1 23056 TR0 12345,,T7890123U56789012345678501234567890123456789012345678901234567890

CARD IMAGE LAB,000,001,H LABEL
CARD IMAGE LAB.001,001,I ¢ 1
CARD IMAGE LAB,002,001,A sk ok Ak RRK K KR o ok Kok ok kkkUNTT SHIELD TEST PROBLEM&ckdkkokok ok ok ok ok ok 4 dokokok ok ok %ok
CARD IMAGE LAB,002,002.A KRR KK K KKK ok kg kR Kk Rk Kk Kk kR SECONDARY PHOT DSk ks Aok Kok kok ok ok Kk ok ke k kK
e i o o 03K o o o 3K oK 3K A K 3k o o 3 o o kol ok Sk 9 o o o 3 3 Ak 3 3 S o s 3 ok o oK o o 3 o oo ok ok o e o K ok ok ol o K ok ok R o o ok kR Kk Rk Kk ko ok K
MR KRRk ROk kR Rk k Rk k1 2345678901 234547890123456789012345678901234567890123456789012345678901234567890
. CARD__IMAGE PHO,000,001 H PHOTON CROSS SgcTIONS
CARD IMAGE PHO,001,001,I 1 115 0
CARD IMAGE PHO,002,001,E C ENERGY GROUps
_CARD IMAGE PHO,002,002,E  18r5¢5+/504,504,3,59302,692,201:8)1,359).994%42¢269,159,08/
CARD IMAGE PHO,003,001,1 C HYDROGEN
CARD IMAGE PHO,003, 002 b¢ 0 014 0 o O 14 14
_QA_&Q.,‘_IM.AQE_PﬂQ;Q_Q!}.-.OOl.E C TAB ENERGIES
CARD IMAGE PHO,004,002,E 0109806050493, 2,1,5)10e60e404204159,08/
CARD IMAGE PHO,005,001,E C PAIR PRODUCT QN
- CARD IMAQEWEHQ_QQS_QQQ_E. 12e7=312e2=311,5=391,2=308,7=495,2=4¢1,8,4r444=5/
“CARD IMAGE PHO,006,001,.E C PHOTOELECTRIC
CARD IMAGE PH0.006.002.E 27%01148=995022992,1=81606=8+4,5=791,0=-6+6,0=6/
. CARD IMAGE PHO,007,001,1 . C BERYLLIUM . Do —
CARD IMAGE PHO0,007.002,1 0 014 0 o 0 14 14
CARD IMAGE PHO,008,001,E C TAB ENERGIES
_CARD IMAGE PHO,008,002,E 910989695049 392,1¢5210460e4142924159,08/ - _
CARD IMAGE PHO,009,001,E C PAIR PRODUCTIOQON
CARD IMAGE PHO,009,002,E 13¢7=212:82=292,28=2911:84=211:32=298.¢2-3,2,8=3¢7.~4/
CARD IMAGE PHO,010,001,E C PHOTOELECTRIC o _
CARD IMAGE PHO,010,002,E 17e2=809¢3=8¢1,3=711:6=712=T713:7=719=711,7=614=671¢6=515=5,3,5~=4,8,2~4
CARD IMAGE PHO,010,003,E 15,23/
CARQ IMAGE PHO,011,001,1 C BORON o o ] o
ARD IMAGE PHO,011,002,1 0 014 0 o O 14 14 ‘
‘CARD IMAGE PHO0,012,001 .E C TAB ENERGIES
<CARD IMAGE PH0,012,002,E 110980605049 392,1,5¢10467e40429415,,08/
CARD IMAGE PHO,013,001,E C PAIR PRODUCTIQN
CARD IMAGE PH0.013.002.E 09=2)4,8=293 7=293,0=202,2=211,3=2¢4,5=2,1.1=3/
CARD IMAGE PHO,014,001%1,.E C PHOTOELECTRIC
“CARD IMAGE PHO,014,002,E 124¢2=712:9=714,1=715:2%71T=711=612,5614 ,6=611,2=5¢5~501,6=891,1=392,4=3

o
]

w

r—l



T CRGTER=1TD
T

T."‘.J(;f\,j,"f"l\t ve t @i’ SEHTE

AR ET AR Y Sk g gkt w AU TT SHIFLD TEST 120 SLE s rk e ks sr b kkhnskrs s 4 ¥k xCASE 2
LU Rk KRR R R AN kg bkt Rk R STCUTNARY [HOTC Sk kR ok ok kb kA k ahx kDAL z

l] ’.\

Y T T I I I I I T T s P T2 22232 A a2 YA R T S s A A e PR A SRS 2222 R 222 222 S o222 22t s a2 2 Al as
*t****t***t***»t**i**«***4**“,u36/-‘3123u557ﬁga1234567890123“567&901254567H90123“567890123“567890123“567690

CARD IrALE PHOL,018,065,6 rla=2/
CARP Ivacl PHG,N3L%,301,1 F GXYRL)
CARD THGE PHE,D1IS,002,1 A S I L )

CARD IMAGE PHUD16,201 8 T TAw LIFNGIFS

CARL ImAGE PHOL,01€6,002,K rlUsBeEeSerley 3.2,1 SelrebretinelrelSy 08/

CARD IMAGE PHO,017,001,F C PALR PROLICT A

CARC InAGE PHOL,GL7.002,L p1el4=171,15=1,,,8=297.09=2,5434=2¢3,21=2,1,11-2,2.8-3/
CARS INHGE FHOLOD1E.GC1,.10 C PHOTLFLECTRIC

CARD IfCE PHO,L,018.002,E 1243=60 2, 2=0011 , 1=h 16 2=H 1R, T=691,25=592,2=5 08 ,5=501e2=89sl=4,1,1"3+6,53
CARD IMAGE PHC,018.0C3 i r2=211.5-1/

CARG IMAGE PHO,019,001,1 C aLumiram -

CARD IvnLGE PHO,019,0C02,1 2 014 € o O 14 14

CARD IMAGE PHO,020,001,E C TAp ZMERGIES

CARD IMaGE PHG,020,0C2,E p10p8eCr Bl 3pz,1.%0 10450440629 415,,08/7

CARD IMAGE PHC,N21.0C1,.E C PAIR FROLUCT M

CARD IMAGE PHO,D21,002,.E 13.61=193=142,60=1,1,87=111.405=1¢8,62=2,3=217,6=3/
CARD IMAGE PHO,022,001,.E C PHOTCELECTRIC

CARD IMAGE PHO,022.002,E 137508 ,0=59) 501 H,6=518e5=511,2alh)2,5=4)5=lir],2=3)U4=301,3=2,9,2=2
CARD IMAGE PHO.U22¢003.E 12,15=1,1.57/

CARD IMAGE PHO,023,001,1 cC 01% 9 g 0 14 14

CARD IMAGE PHO,024,001,E C Tas CEMERGIES

CARD IMAGE PHO,024,002,2 P10 8BrErDr89 2, 1,5010ebrelr1e290159,08/

CARD IMAGE PHO,325,001,¢t. C PALIR PROGUCT M

CARD IMAGE PHO,025,002,.E 120270278 12016,1e601e360e859431.084/

CARD IMAGE PHO,026,.0C1,E C PHOTOCLECTRIC

CARD IMAGE PHO,026.002,L 152311422201 , c=P92,1=212,5=293,R=216,5=2,411594,241712,05915,5,359251/
CARD IMAGE PHO,027,001,1 C TUHGSTEN

CARER IMAGE PHO,027.002,1 J 014 ¢ ¢ 0 14 14

CARD IMACE PHC,028,001,E C TAB ENMTRGIES

CARD IMraGkE PHO,028,002,E 1 Brer Sl r30., 1,501 0ebreiira20re15r,06/

CARD IMAGE PHC,029,G01 ,E C PAIR PRODUCTICHM

CAR[ IVAGE PHO,J29,002,E 110 280 717,529 5,968)4.6:803,1309,1,32,)401/

CAR I' uGE PHC,030.C01,E C PHOTCILECTRIC

CARD I"AGE PHO,030,.CC2,0 el 0B 00310 i, aSreT20102,2¢49119330185,420:3506/
CARD IMAGE PHO,031,0C01,1 C URANIIEY 235

b
w
N



THE FASTER=III PROGRAM kk¥kdkkkkak okkdkp g pokkkxkkUHNIT SHIELD TEST PRORLEMkkk#kakdknkkkkkkkexnxxkkxCASE 2
ToeMeJORDAM=A R T4 RESEARC Hk 4 % e Ak ok K ok A ¥k ko e ok ok koo Rk SECOMDARY PHOTO Sk ook kK ok ¥ ko ok kok Kk Kk kkk k kx PAGE 3

**********i********************************t*************************************t**************tt***x****t
Ak kRO R gk oK ROR RO Rk Rk kR 1 D IN56TRA012345¢7R890123456789012345678901234567890123456789012345678901234567890

CARD IMAGE PHO,031,002,I 0 01€ 0 (¢ O 16 16

CARC I""‘AGE PH0.032.001.E '10'8'6' 'qr '(_",1.5'19 .6' o“'.Z' 015' .11501' .115' .08/

CARD IMAGE PHO,033.001,E C PAIR PRCDUCTIQ!M

CARD IMAGE PHO,033,002,E $15,06012.84910,4299,0107426495,091,2,35,.,77/

CARD IMAGE PHO,034,001,E C PHOTCELECTRIC

CARD IMAGE PHO,034,002,E P o469 0604B8291,1,3+1,.913. 305 2010,5929,73,4400920,1750,640+1700/
_CARD_IMAGE PHO,035,001,I C URANIUM 238

CARD IMAGE PHO,035,002,1 J 016 0 ¢ O 16 16

CARD IMAGE PHO,036,001,E 0100BrErSe4e3,2,14501006re40¢21415,,11501,,115,,08/

'CARD IMAGE PH0,037,001,E C PAIR PRODUCTIQON

CARD IMAGE PHO0,037,002,.E 015,06012,84910,4299.01+7426%¢5.091,2,35,,77/

CARD IMAGE PHO,038,001,E P o469 e69re8291,1.301:903:301562010,5929,73,4406+9920,1750,640,1700/
##******t**********************************************************************************t#**********#***

kR Rk Rk kR Rk Rk Rk Kk k k1 2345678201234567890123456789012345678901234567890123456789012345678901234567890
CARD IMAGE SOU,000,001,H SOURCE

_CARD_IMAGE 50U,001,001,I 0 1 .
"CARD IMAGE SOU,002,001,R  C SOURCE DISTRIGUTIONS REMAIN EXCEPT FOR INTERNAL GAMMA SPECTRUM
-CARD IMAGE SOU,002.002,R 1 2=1=1=1«1=175 1 0 2 3 1,74+20

_CARD IMAGE SOU,003,001,.E 1,1
t#*tt*********************************************************************************t****t**t**tt**t*t###

Aok Rk KRk Kok kR kR Kk kX% 1 23U5678901234567890123456789012345678901234567890123456789012345678901234567890
CARD IMAGE RES,000,001,H RESPONSE FUNCTIQN ) o N
~CARD IMAGE RES,001.001,I I 11

CARD IMAGE RES,002,001,A REM/HR
_CARD IMAGE RES, OOSAQQL_S 1 1 0 1,14.7 9,23 10.25 10.6 10,9 11,2 11,7
CARD IMAGE RES,004,001,E 12.2 12,4 13,3 14,14 15.2 16,35 17.0 16,2

CARD IMAGE RES,004,002,E 14,45 13,7

*‘************************ e e ok K OK oK ok e e A o IO S e sge ok K K K 2 2 3K ok 30 K sge 3k 3K K s ok sk 3k 3 3 K sge K o 3 o ok o o e 8 e 2R ok o ok 3l 3K age 3 s 8 afe b o o o0 ol K 00 2K o o e o o K
_57*‘********‘f*f***********12345678901234567890123456789012345678901234567890123%56789012345676951234567890'
CARD IMAGE EXE,000,001,H EXECUTE

CARD IMAGE EXE,001,001,I 1 0 1 1.1 5
tt***tttttttiiiiiii?*THIS CASE USES 10972 | OCATIONS FOR INPUT» 15228 LOCATIONS TO RUN&#sxaksssaksxshkcashes
60%GO0%xGO%GO*GO*GO*GO*GO*GO*GNXGO*GO*G0*xGOxGN*GO*GO*GOxGO*GOXGOXGO*xGO*GO*G0xGO*GOXG0*G0*GO%xGO%xGO%G0%GO*GO%GO




THE FAZIrn=ITL 17070 st bcrkt s idsadagarban o VLT SHIFLD TEST o3 Tk KAERE Rk kR bk kxkkkkkCASE P
Tota JUFCLIvmfial JTolFRE QA7 rd g dn s ¥ kn g Lh e ¥y gt b dokd k4 a4 RxGECOV DAY PUATO TEREAXNEIREF AN AR AR A R F A APAGE 4
FETCCTOK, o0 ! 2 D Le 735407 " 2 0.0062 10900400 n,0330 0,0C00 9,1414+02

LRSS AR R ERE 2 R RS RN S SR ETE R SN R TY LN AN
CALCULATE
FRECTSIO

ne-4g

GROE Toeo Todiitfh=(:]
GRCUP Cene FGltOARG=()
GROUP Jeew ".Lq!.)!f,?-(_)‘l
GROUP u'.o P'&?lq-ul
GRCUP 5-00 7.7635—C1
GROUF  Eeee T7.0612=01
GROUF Teoe Eo6475=01
GROUP 800- 5.1086—01
GFROouP Cone Q,6n11-~01
GKOUP 100.. 906765'01
GROUP  11lsee ©ot247-i1
GROLP 12,40 S.6773=01
GROUP 13.00 .90119“-01
GROUP 14,,¢ 9,565&~01
GROUP 150.0 6.6802-01
A kK ok o ok Ak ok kKR kKR ko
NURRER FLUY
GROUP lese L,8059=01
" GRCULP 2eee L.ROGAT=01
GROUP Zeese S432°96-C1
GROLIP Yoonoe 1.06790400
GROUF Seer 142595400
GROUP Boese 1.0872+(¢C
GROUP 7.,. 7.1775-01
GROUP Beoo 1.7583-01
GROUP 9.00 ’nSbFB‘OZ
GROUF 10.0. 1-266“’02
GROUP 1]0'0 l.56]2+00
GROUP 12.00 F031’9‘02
GROUP 130.0 3.3954—04
GROUP  1U,.,s UL,10FI=05
GRCUP 15..0 aQOQCS-lC
TCTELSseeeese TeBSL26400

CEPIIRTY SCLAN S
TR Y minr
';.7'041,4")~

Eit FLULY

EhEFeY FLuy

2292940
2803440
G215+ C
4o B5H89+4 7
B 7255402
T h2L7+00
2.@&20+£(
b,c2u8=01
3.“ﬁ09-&?
L B372=50
1.8171+0K
DefFING=CD
l.27490=(t
9.9?16-06
260 273=11
DeFGTL+?

poN=i1
Ve To74=0)

1 L4 ')C!
Folt nl4Lip
De31al+00
2e1105+06
Ye7ual+0C
ty ‘}'7%7 -01
),011 -ﬂ?
R ‘_)(lf)'(l(.

.51:Q+DC
lel60=~01
ol n3=03
2735304

20985

0“'09

OO

et N
Ae5,70=06
3eC302=06
50“177-06
5077??“06
fr0150lt=06
Legyn2=06
ZenQ7R=06
€0l1678~07
5.1772‘06
Jel15u0=0"
2eTurT=06
:°~3HQ'09
20“652-10
10007“'11
Jeborli=17
oG E=08

TTECTON 1
OB IRGY LY
CERIVATIVE

142975400
51063408
“.842b+00

e 1715400
° cUH16405
CeHL1O+0D
5e053714C0
1.0562+09
905010-02
he0F27=-(C2
3.3712+09
5.6317“02
9.1355=04
9,0915=CF
3.2761-119

FESPoLerS FOR DETECTOR

AFTZP
HUR T FL

14 . C

THis GR0P
4 4KB359~"1
4,8637~21
Q,32%A~="1
1.0792+20
1.259%4+7C
1.057%+50
T7.177C=01
1.7583-21
1.5683=52
1.286%'??
1.5812+300
Se3110=22
3¢3954-CH
,10309=C5
2. 090R=-10

1 AFTER

1418 GouP
T2 439400
2.,5522400
4,4213+400
4,5359+4+0n0

253400
3,4257+4090
2.0026+00
lha22086=01
2,4004=02
1.8372-02
1.5171+00
208155'02
1.2700-04
9,9016~0p6
202933-11

CUMULATIVE
4,8059~-01
9,6696=01
1.8999+00
2.9790+400
4,2384+400
5,2958+400
6,01354+00
6.1893400
£.,2050+400
6,2179400
7.7991400
7.8522+00
7.8526+00
7.8526+00
7.8526+00

R Ry 2 Y PT343 122222]
ORI FRGY FLUX MUMBER FLUX EMERGY FLUX

CUMULATIVE
3.2439+06
5S¢ 797340C
1.0219+01
1.,4804+01
1,9530+01
242951401
2.4954+31
2.5376401
25410401
2.5429+01
2069“6+01
26374401
2.6974+01
2.6974401
2.6974+01

16 PACKET S ok ok ok o o 3k ok ok o o ok 0 3K o oK X



THE FASTER=ITI PROGRAM #kkkikkkikdkkkkkkxhgpakkkkdklUUNIT SHIELD TEST PEOBLE Mmook dop sk kkkkks sk kCASE
ToeMeJORDAN=A R ¢ T o RESEARC Hok Aok ok d koo k3 ok ¥k K oo ek ook ok ke kkkk SECONDARY PHOTO ISk ook ik ok kg kK kkx k6 kPAGE

MIN ERROR,4.

MOD ERROR, 4
MAX ERROR, 4

2
5

ok g KKk koo kk A SUGGESTED CHANGEg IN THE IMPORTANCE SAMPLING PARAMETERS#Hik#ikidrkgikkkmmkih kkkkkk

SPA leoe
SPA Leve
—SPA ~Bees
SPA beoo
SPA Seece
~SPA- - - 6uwe
SPA Tooe
SPA Beoo
- PRE-— Lees
PRE 2400
PRE 3ees
~PRE -~ Uvye
PSE 10.0
‘PSE 2eee
~*‘-PSE”"—"-- Seve
REL ) P
REL 2eee
RAT— —LLewe
TRAT 12400
- RAT 13400
—RAT— ——1l4¢q0
RAT 15440
RAT 2lese
T—’R’A'T—"“"—za'"""
- RAT 23¢00
"RAT 28440
—RAT—— 26400
SPA 1. [ N J
SPA Coese
~—SPA— ~3ese
. SPA Gooo
SPA Seeo
—SRA—— - - Buae
101

J.0304-01 2.9073=01 Ze8705=01
£,0096=01 7.8670=01 7.8798=01
1.0000+00 1,0000+00 1.0000+00
1.0000+00 1,0000+400 1.0000+00
1.,0000+00 1,0000+00 1.0000+00
9,9994=01 1,0015+06¢C 1.0014+00
1,0084+400 1.6089+400 1.0098+00
1.,0094400 1,0051+00 1.0059+00
9,8895~-01 9,8661~01 2,8684-01
1.0000+00 1,0000400 1.0000+00
9,1749=-01 8,2401~01 Belfol=01
6.7972=013 7.7096=01 TeS064=01
1.0407400 9,9796=-01 1.0056+00
1.,0665+00 9,5417~01 9,7470=01
1,0000+01 1,0000+01 1.0000+01
9,9938=01 9,9915-01 9.9921=01
6¢9993=01 6+9991~01 6+9902~01
1.0000400 1.0000+00 1.0000+00
0,0000 0.,0000 0.0000
0.,0000 0.0000 0.0000
1.0000+00 - 1,0000+09 1.0000+00
1,0000+00 1,0000+00 1.0000+00
- 1.0000+400 - 1,0000+00 1.0000+00
1,0000+00 1,0000+00 1.0000+00
1.,0000+00 1,0000+00 1.0000+00
140000400 1,0000+00 1.,0000+00
1.0000400 1,0000+00 1.0000+00
1,0000+400 1,0000+400 1.0000+00
1.,0000+00 1.,0000400 1.0000+00
9,8254=01 9,7722-01 9,7886-01
1.,0170+400 1,0201+00 1.0191+00
-9¢6371=01 - 9,5447=01 9.5738=01
9,9731-01 9,9492-01 9.9545=01
9,8903-01 9.,8961~01 9.9012=-01
9,9135=01 9,8795=01 9.88a5-01



TiiE FACTER=IIT FROAR™.

AEARRE Rt v ¥ gkt k¥ HMIT SAIELD TEST 22 W erskrsarsrbachrsxsrssxeaCASE 2

ToliodORDANmA o, ToRFSEAF Criddtkkkd ¥ £ 4 b d b ¥ 3 4y ke k¥R SECTUINARY PHITC Seprsdetdkdbkpthbrkrhaksxk s ¥kPAGE 5

SPA Teeve D,9657=01  0,0811=~%1  V.012=-0]

pﬁl' lo'o 207"‘“6-0] :Eo"-"lsa":‘? 3‘.“57‘?-01

PRE Cree L e3J3L-C] fie 7300-01 PebnT=01

PRE Bees 1.0310+00 1.,1168+C70 1.11390400

PRE Lege 142948400 1,22%9447 143729400

PSE le0o 1,0000+01 1,6000+C1 10500401

PSE 2eee T.5483-01 T.3205=01 Tel42739=01

PSE Z,00 6.4T91=01  6.3762-01  Ha4700=01

REL leoo 1.0000+400 1,3609400 1.0900+02

REL 2eer 0(,0000 0.,030% Je0069

RAT 11.,.. 0,0000 6.2000 Je0000

RAT 12"0 1.0000+0G 1.0300+0$ 1.0000*00

RAT 13,. 1.2000+400 1.9000+4C37 10009400

RAT 14,,0 1.0000+00 1.0300+35 1.0250+00

RAT 15440 1.006004090 1.2300+0u le0pg0+00

RAT 2leee 1.0000+400 1.02060+00 1.0000+00

RAT 22000 1.0000+00 1.5000+400 1.0500+00

RAT 23,40 1.0000+00 1,29900+400 1.0000+09

RAT 2“..0 100000+00 100000+CC 100309+00

RAT 25,00 1.0000+00 1.2030+C0 1!0003*00

e e K o K e AOK BOROKOoK R AR OR ROk R Kook [NUMPRER FLUIX MOMEN TS FOR UETECTOR 1 AFTER 16 PACKETSH* kAR ak ek RkEXERERERKKE X
ITERANT 1 SOURCE 1 SQURerE 2 SOURCE 3 SOURCE 4 SOQURCE 5 SOURCE 6 SOURCE 7

GROUIP lese 1.9223=-01 8.1184=9% 3e2545=07 1.1310=06 1.1751=-91 6.2711=02 7.4078=-03 4,5205=-93

GROUP Pese S.T7274=01 3.6108=04 0.0000 1.1767=05 6GeTURI=-1 2,8184=~01 1,2673-02 3.,0276~03

GROUP 300 1.8659+05 B.7912=CH Ce00n) 1.9437-05 13772420 4,7411=01 1.3974=02 1.5993-05

GROUP Lesee 241581400 7.9833=04 Ge05a% 2.4389-05 1,4527+00 6,8394~01 2,0542=02 1.3134=05

GROUP Beee 2¢5190+00 9,3426=04 C+0000 2.2813=05 1.7356+%0 7.5994=01 2.2460=-02 1.0361-05

GROUP Goee 241146+400 Te7363=24 JeD144=07 1.3342~05 1,4473+90 £¢3969=01 2.2881=02 4,2390-03

GROUP Teoo 1.7944400 6£.1125=04 Selplult=08 7.5305=06 1,1906+20 5,8598=01 1.7086~02 4,4564=05

GRGUP Beeese H43957-01 5e7636=15 1.5790-09 5.1533=07 2.6909-01 1,6491-01 S.4809=-03 245217-95

GROUP Geee 3249297=0p 1,1388=-17 JeJGC0 9,0723=15 3.,92C6-22 1.5409-06 2.2773=07 4,6713-08

GROUP  10see 2.8586=CC OeH303=11 Ce00p0 1.5384=16 2.8569=9)2 1.3536=05 1.5365=-07 2.5367~06

GROUP 1lees 345130400  4,7407=12  1.5503=13 2.3077=14  3,4323+00  7,9615-02 9,9208-04 4.8133-04

GROUP 12.,.,., 1.0624~C1 Se7521=ch 0.0500 0.0000 7.9325=-02 2,5820-02 2.2198-04 8.7020-04

GROUP 13..0 2.4253-03 000000 300300 0.0000 2.527“'?7 1.0284-03 7.0667-0“ 6.8996‘0“

GROUP 1u,.,e 2.7353-04 0,500 Ne000" 0.00600 4,3366=32 3,2959=-27 4.8956-16 3.7353~04

9t-€



_THE FASTER=III PROGRAM #¥ikskskkxsnkkinkbnsykixionkkUNIT SHIELD TEST PROBLEM#ssomkxskmkkkkkkrdrknsxsssCASE 2

T oMo JORDAN=A LR, TeRESEARCH#H* ko dokok d¥ dkok ook Aokt dokok kR R SECONDARY  PHOTO Sk kb dobakdokk ak bk k k khx kkw a6 PAGE 7

NUMBER FLUX 7,8526+0C 2¢1339=(3 Qe T322=07 5.,1920=05
ENERGY FLUX 2.6974+01 9,1203~-(3 6e3202=0¢ 2:2114=04
REM/HR 3,4958-05 1,1476~0R 6e7591=12 2.7700=10
tt********#**************MUMGEP FLUX MOMENTS FOR DETECTOR
REGICN 1 REGION 2 REGINN REGION 4
~-BROUP - 1.s4s 00,0000 0.0000 0.0000 0.0000
GROUP Pees 0.00C0 0,0000 0.00n00 0.0000
GROUP 3eee 0,0000 0.6G00 0.000¢C 2.,9550-01
-GROURP 4y ye 0,0000 0.0000 000000 06,0000
GROUP Seee 0.0000 0,0000 0.0000 3,0989=01
GROUP Goee 0,0000 ¢,0000 00000 2.9518=01
-GROUP - T4 0,0000-- 9.0000 0.0000 1,3609=01
GROUP Beee 0,0000 0.,0000 C.0000 1.3312=02
GROUP 9.¢0 0,0000 6.0000 440303-15 2.8306-06
-GROUP- - 10+ee¢ - 0,0000 0,0000 2¢0831=12 1.,8059-09
GROUP 1144+ 0,0000 0.0000 2¢5026=12 1.4747=04
G6ROUP 12, 0.0000 0.0000 0.0000 7.9382=10
“BROUR- - 13+, + - 0.,0000 - 0,0000 0.0000 9,2782-28
GROUP 1l4,,. 10,0000 0,0000 6.0000 0.0000
GROUP 1S,¢¢ 00,0000 0.G000 0.0000 0.0000
—NUMBER-FLUX - 0.,0000- 0.,0000 2.0652~12 5.1012=01
ENERGY FLUX 0.0000 .0,0000 2.4228-12 1.9238+00
‘ REM/HR 0.0000 0.0000 4e2773=18 2.4976=06
_aeannhnkpkkrhknkhhnkykxekNUMBER FLLIX MOMENTS FOR DETECTOR
SCATTER 1 SCATTER 2 SCATTER 3 SCATTER 4
GROUP leee 0.0000 0.0000 0.0000 0.0000
GROUP————244+—040000 - 0,0000 0.0000 0.0000
-GROUP 3s00¢ 2¢9550~-01 0.0000 0.0000 0.0000
gGROUP booo 0.0000 0.,0000 0.0000 0.0000
:BROUP- . B,,,  3.0989=01 3,3216=02 0.0000 0,0000
GROUP Gese 2.9518-01 1,4756=01 0.0000 0,0000
.GROUP Tees 1.3596-01 3.3689-01 0.0000 0,0000
~GROUP—— - Byye-—1+6073=02 - 1,3529-01 0.0000 0.0000 -
;6ROUP 9see 249902-06 3.,9203~02 0.0000 0,0000
GROUP 1009¢ 5,9748=06 9,2900=06 2.4805=02 3¢7637=03
'GROUP. 11,4s  1,0621=02 1.7405=02 3.5039=01 341287400

P
W
=~

0.0000
5.,8343+70
1.8845+01
2.4689~05
AFTER
REGION 5
0.0000
0,0000
0.,0000
0.0000
60,0000
0,0000
0.0000
0.,0000
0.0000
1.6““2'08
1.3911=-02
9,4002=-05
6.,4070~11
5.1593‘30
0.,0000

- 603067=03
6.0306=03
1.1095=-08

1 AFTER

SCATTER S SCATTER

0.0000
0,0000
0.0000
0.0000
0.,0000
0.,0000
0.,0000
0,0000
0,0000
0.0000
0.,0000

16

0,0000

1.9258+400
7.6591+400
9,7399-06

3.,6117-34
7.4468-02
3,3905=-01
4,1319=07

209864-09

105798-02
9,1813=02
1,0389-07

PACKE TS sk gk sk ok dk sk ok 8 o ol e e ok o o oo o ok ok
REGION 7 SCATTER 0

REGION 6
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
2,6018=-02
5.2456~=07
1,3016=05
303859-01
50“3“3“03
3,8028-08
7.,6488=26
0,0000

1,6549=01 - -

1.7263-01
3.,0817=07

0,0000 1.9223-01
0.0000 9.,7274=01
0,0000 1.5704+00
0,0000 2.,1531400
3.3216=02 2.1759+00
1.4756=01 1,6719+00
3,3675=01 1.3215+00
1.1203-01 2.8821-01
309202-02 107024-06
2.8572=02 8,0180-07
3.1543+00 6.8933-03
100060'01 1.052“'0“
- 234253-03 — 4s3794=09 -
3.7353'0“ “07139-10
209060-09 800“27-11
17686400 - ~S5:4021+00 -
2.2256+00 2.2646+01
3.,7297=06 2,8411-~05

16 PACKETSR ks X RERXERXERRXEX L XEREK -

- 0,0000 -

0,0000
0,0000
0,0000

0,0000
0,0000
0,0000 -
0,0000
0,0000
0.0000*‘“

6 SCATTER 7

0.0000

0.0006— —

0,0000 -
06,0000

0,0000
0,0000

0,0000
0,0000

— 040000———— - —

-—-040000-————

——0,0000——— -



THE FasTire«TTTD FOCOT A E¥ R R etk pwraaaaUNTT SHITLD TEST PFC'LEP#************t*****t****#CASE 2

T.”.JORULH-A.h.T.h{SFAHLYa**wm**t»m**t***x*m*****#****SKCOHDﬁRY POANTE GRa stk skerssnkrkarekkns ok xxkPAGE 13
GROUP 10.ee 74685104 1010 70="¢ o3 lb=(QR Se07C3=N2 G.0709 n.nceco 0,0000
GEOUF 13,40 1.0003=0¢ AL S P TehipaCmijl 7« HHEHD=DY ¢.0000 G,0UGT 0,0000
CREOUP  lbLase ¢ e2651=07 P Tlhli(rm C ol =0 . 0630~0h G,00C¢ 01,0090 n,0000
GROUP 15440 Lel2P3-10 D blp9=L Telnut=(in 1.5253=09 £,0000 0,0009 0,0000
PUPRER FLUX  5,.1¢626=01 Tei3e=i1 Vo9 rR=01 1.4351+00 0.000% 0,0000 0,0000
ENERGY FLUX 1,9311+0" SeHlBe=L1 1.7378=01 135667408 0,0000 n.00C0 0.0000
REM/HR  2.51020-06 1.19U4=0F 342751=07 2.85147=06 $,000C 0,0000 0,0000
ok kKoo kRl k ko op kR ok GHIFL D CENTVATIVES FOR CETECTOR AFTER 16 PACKETSHykkkkdkkkkk ok ki A ikkkk
SEGHENMT 1 popnag 1 YORpnL P HORMAL 3 (JORIIAL MORMAL 5
G6RCUP leee 19223=01 =3,1870=02 =henyunl=02 -4,1399=02 =2,3684="2 =5,3197-03
GROUP Cees DaT274=01 =1,4404=0] =2.5771-01 -2,1250=01 =1,2076~71 =3,0099=02
GROUP Teee 18659400 =3,5276-01 <=5.0572=01 -4,0624=01 =2,318)-51 =-6,0089-02
GROUP  G.ee 7.1ER1400 =2,14684=01 <=5,7137=01 =4,7544=01 =2,73104=~71 -7, 4667=02
GROUP Beee £¢510040C =4.6470=31 =64735c2=01 -5,5324=01 =3,208n=21 <9,2747=02
GROUP Beoe Cel146+400 <=H,0084=01 =545;315=01 -4 ,6347-01 =2,7181-G1 =8,3721=02
GROUP Zeee 17044400 =3.,0479=01 =l.6727=-01 =3.9223-01 -2,3183%=51 =7,6581=02
GROUP Bese He3957=01 =7.5624=02 =1459n7-01 -9, 7154=02 =6,0707-22 =2,3971-02
GROUP Qese 2,9207=02 =5,5226-03 =1.03530=-02 =7,3871=03 =4,5507=-27 =2,8436=03
GROUP 10ees 2.8586=02 =3,2351=03 =6.9172-03 =l ,ROTU=03 =p2,79129=03 2,0314-03
GROUP 1leee 2.5139400 =5.1467=31 =646523~01 ~9,0385=01 =g 4352-21 =2,7306=01
GROUP 1244e 1.0624=01 =2,20329=52 =2.19c¢2=02 =2,2670=02 =1,7477=02 4,3784-04
GROUP 13440 2.4253=03 =0,5934=Gi =2.,7022=-04 =3.5919-04 =7.622u4=C4 -2,3783=04
GROUP 1lUees 3¢7353=04 =1,4958=C4% =2.3053=05 =2:9764=05 =3,7321-05 64,2403=05
GROUP 15.es 2¢9864=0¢ =8,358u-1C =1.97p0-10 «2,0010-10 =1,6486~=10 =4,9033~10
NUMBER FLUX 748526400 =1.21%+00 <=1.95u2+400 =1.77794+00 =1,0869+20 =3,4694=01
ENERGY FLUX 2.6974+01 =4,5970+22 <=7.004/7+00 ~5,9539400 ~3,4932+00 <1,0975+00
REM/HR 3.,4956=05 =~5,9509-06 =9.0221-06 =7,7497=06 =4,5795=-0hH =1,3502-06
skxkkk Rk kkRkR Rk Rk kR SHITZLD DERIVATIVES FOR DETECTOR {1 AFTER 16 PACKETShixskkkkikprhkkrnahkrkris
. SEGMENT 2
GROUP 1ees 10,0000
GROUP 2e0¢ 0,0000
GROUP T,.e Ge0000
GROUP heeo 040000
GROUP Seee 040000
GROUP Geee 0,0000
GROUP Toee 0,0060
GROUP Bees J40000

gE-d



THE FASTER=III PROGRAM *dkkkssokkkadkikkukhpyk®kdrkdUNIT SHIELD TEST PROBLEM#kkkkikkkidkknkkrkxknkrssxCASE
TeMeJORDAN=A R o T o RESEARCH* k¥ kK skok ok & Kk K oo e d ok ok k ok kR Xk SECONDARY PHOTO S %k ko kek Rk kb kkok ko kk ok kk k kk x xPAGE

-GROUP Seoe
GRCUP 10440
GROUP 11.,.
~GROUP 1244
GROUP 13,,.
GROUP 14,,.
GROUP 1544,
NUMBER FLUX
ENERGY FLUX

- REM/HR

0.0000
0.,0000
0.0000
0.0000
0.0000
0.,00060
0.,0000
0.0000
0.0000
0.0000

2

9



THE FASTER=111

PRCow

ARkt evar e v v b b evs bk ank K ilTT SHIFLT TEST 10l LT e s akak ko ka ko kkkkk ko kxkCASE 2
r
J

Toi o UORBLP = el e TALFSTAL CLAA Fa KAk 6 2KH4 AT hn g b KAV kbR SICOLTAKY PUD IO Chapbsdd b adkdbhhakhkkhkkd kb4 ¥ kPAGE |

(AR AL RIS ER TSRS FINESSAS

1.,0C00400

7,05:8=01

4,1176=01

1.17565=01
=1,7647=01
-l ,7059=01
=7,6471-01
«1,0588400
«1,3529+4+00
-1,6471+00
=],9412+00
-2,23534+00
=2,52944+00
-2,8235400
-3,1176+400
-3,4118400
-3,7059+00
=-4,0000+00
=4,2941+00
-4,5862400
=4 BE824400
=5,1765400
=5,47C6400
-5,76474+00
-6,05854+00
=6,3529400
-6,64714+00
=(,9412+00
~7,2353+00
-7.5294+00
=-7.8235+00
=8,1176+C0
=8,4118+00
-8,7059+00
~-9,0000400

1017 0"

=1.0g00+2¢

BLOT O

Yoz LD (TOTAL FLUY <« TYRF 5)

VERPSLL

X = LOG{ENERGY ) ¥ ka4 Xk d kR kRERKAKEEY

1,00004+00=X



ey

THE FASTER=III PROGRAM sokskokkk sk y ¥ qoppkkkrakkUUNIT SHIELD TEST PROSBLE Mabekk £k dok ke kkkkkkxkk ek kxxCASE 2
T.M.JORDAN-A.R.T.RESEARCH****«***w*********t**********SECONDARY PHOTO Skkxkkkk bk kkkkkkarkknkknkkkkPAGE 11

B Rk Ak AR RQUICK PLOT OF Y = Lo (TOTAL FLUX = TYPE 2) VERSUS X = LOS(ENERGY ) sk ok ok ok ok 4ok o o ok &
2,0000+00
1,9118+00
1,8235+400
1,7353400
1,6471+400
1,5588+00
1,4706400
1,3824+400
- 142941400
1,2059+400 * * * * *
1,1176400 * x %
- 1,0294400 x x
9,4118-01 '
F,6471=01 :
6,7647=01 %
5,8824-01
-~ -550000=01 SRR e
4,1176-01
3.2353-01
—-2¢3529=0% - - - e
1,4706=01
5.882“-02 *
— w2:9412-02 - -
-1,1765~01
-2,.,0588~01
- -=2,9412«01.
-3,8235=~01
=4,7059=-01
___.5‘5882-01 . o e e .
-6, 4706=-01
=7 .3529=01 *
—m8,2353=01 . S e
»9,1176-01
»1,0000400 ,
—— - Xz =2,0000+00 | © T 14,0000400=X

w
]
&
-



THE FASTER=ITI {ROLK KRV FRF Rk BN ok g kv kR kRUINTT SHIFLO TEST CROTLE D A kR kR Rk ki kp ks 2xCAGE 2
T.P.JORDAH—A.ﬁ.T.nFSEAwCHt»*‘x**t4»&****tct:**t**t****SECOUOARY PHOTO GRaar bk ¥R akkbxbavxkkkxexexexkPAGE 12

Y = Lot SOURCE FRERGY FLUX) VERSHS ¥ = COMPONENT THDEX®®kkakks ko sk e kaks

Aok R Rk kg kokkanxkkxNMITICy PLCT OF -
2.00060+00
1,7647400
1,5294+00
1,2941+400 *
1,0583+00
8,2353-01 *
5,8624=01
3.5294=01
1,1765=01
=]l,1765=01
=3.52%4=01
~5,8824=01
=R,2353=01 .
=1.,0588+400 *
=1,2941+00
~1,5294400
~1,7647400
=-2,00004+00 =
=2.,2353400
=2.,4706+00
-2 ° 7059+00
=2,9412400
'3.1765+00
-3,4118+00
=3,64714+00 *
~-3,8824400
=4,1176+00
=l 43529400
=4,5882+00
=-4,8235+00
=5,0588+00
=5,2941+00 *
=5.5294400
=5.76474+00
=6,0C00+00

X= 1.0000+00 7.0000400=X

ch-d



THE FASTER=III PROGRANM sk kkkskkachkd i gkonppkdknakkUNIT SHIELD TEST PROALEMsokkk®tokkdokkxkkkkikknkrkoxCASE 2
TeMoe JORDAN=A R o T e RESEARCiskok % sk ik ok ok kb dok Kok e g ok ¥ okck kb k kk SECONDARY PHOTOL Sookokkok Kk kdok gk kokkkkk ko kk ks xPAGE 13

kR ok ik kkkoakxkQUICK PLOT OF Y = LOG( REGION ENERGY FLIX) VERSUS X = COMPONENT THNDE Xkt koo ko ook ok ok % %

1,00600+400
6.1765-01
2,3529-01
=5,2941=01
=9,1176=-01
=-1,2941+00
-1,6765+00
---m2 0588400
=2,44124+00
-2,8235400

- =»3,2059+400
-3,5882+00
-3,9706400

el ¢ 3529400

=4,7353+00
=5,1176+400

_ =5,5000400 - -

=5,8824+00
-6,2647+00

— =64,6471400 -

«7,02944+00

«7,4118400
=P, TOUL400 - - -

-8,1765+400
=8,5588+00

00— -

«9,3235+00
=9,7059400

——=1,0088401

-],0471401
~],0853+01
—mnl 1236401
=-1.,1618401
~],200040%

"?14
&
w.

*

- -X=

3,0000+00 , : : T T.06000400=X



THE FALGTEIR=I1T PROGR., bR AR Ak Rk Ay p v ook T T SHIELD TEST PR CLFD awk ek kb skkkkknreaxxarxksCASE 2
T.M.Juﬁnﬂhwﬁ.L,T.HFSEﬂrCn**4***4**vv*x***w*w**********QECOMDARY PHOTE G 4 s ok bk ik ook kkokkk ok  kPAGE. 14
ook kg Aok kR Rk CUTCH PLOT GE Y = LG oCATTFR FLHERGY FLUYY VERSUS Y = COMPOLENHT THREX*¥sxeskkrekkirke ¥

2,0000400

1,91144C0

1.8225+00

1,7353400

1,6471+400

1,85R8400

1.47C6+400

1,3824400 =

1,2941400

1,2059+00

1,1176+00C

1.,0294400

9,4118=01

8,5294~01

7.,6471=01

6,7647=01

5,8824-01

5.0000=01

4,1176=-01

3,2353=-01 *

2.3529=01

1,4706=01

5.8824=02
-2,9412=~02 ’ *
=-1,1765=01
-2,0588=01
-=2,9412=01
-3,8235=01
=-4,7059-01
-5.58R2-01
-604706-01
-7,3529=01 *
=8,2353-01
=-9,1176=01
=1,00004+00

X= 0,0000 4,0000400=X

-4



THE FASTER=III PROGRAM koo sk k #k 4p dpopopekdokook Xk UNIT SHIELD TEST PROBLE Mok sk kaokkgkokkkkknkxkkkxknxCASE
TeMoJORDAN=AsR (T e RESEARCH #ak ke ok ok o sk ke ok Kok ok oo ok k ok ko ko k SECONDARY PHOTOM S¥okok denork kg dkok stk ok ok ok ok ok kk ks kPAGE

- kR ok KR ROk Rk Rk K kR Rk kR ok ko k kR SHIELD APTIMIZATION FOR DETECTOR
amaokkkk kg kR ] TERATION kxWE TGHT (GM) **xxD0Si- ¢ 1 ) *%xDOSE( 2 ) **x%DOSE(TOT) kxUNSHIELDED ks kookok stk ek Aok ko bk ok & 4 %

. c 2.0625+08 3¢535p5=05 1,9593=05 5¢4975=25
DIMENSIONS 5+0000+00 57000401 15000401 1.5000+01 1.1700+402
WEIGHT (GM) 1.0217+07 7.,1161+07 2¢2075+07 1,6081+407 B.6718+07
DWDT (GM/CM) 4.4551+06 3.,0261+06 2.5035+06 1.8727+06 1,1234406
-DDDTE /€M) =9,9406=06 =1,1723=05 <=1.0218=05 =6.,76U49=06 =3,2131~-06
DDDW( /GM) =2,2313=12 ~=3,8740=12 =U,0p16=12 =3.6124=12 =2,8600~12
*t****t*******ITERATION**WEIGHT(GM)***DOSE( 1 )xxxDOSE( 2 )%xxxDOSE(TOT) #xUNSHIELDED k% ks kpharkkxkhkkkakkx®
- - : 10 2,1025+08 2.4578=05 1.6184=05 4.1062-05
D!MENSIONS 5.0000+00 5.7000+01 1.6587+01 1.5000+01 1.1700+02
WEIGHT (GM) 1,0217407 7.,1161407 2.4658+07 1.6375+07 847844407
~-DWBT(OMACM) - - 44922406 3,0633406  2,5407+06 1.8978+06 1.1354406
DDDT( /CM) =9,5129=05 ~1,1073=04 =9,6496=05 =6,4259=05 =3,1114=-05
DDDW( /6M) =2.1176-11 =3,6148=11 =3,79al1~=11 =3.3860-11 =2,7404=-11
- nkakkrkn bk kR I TERATION®»WEIGHT (GM) »*%DOSE ¢ 1 ) %%xxDOSE( 2 ) wxxDOSE(TOT) wkUNSHIELDED#® kxtxkukaknkkh gk ks xaxs kE
20 2.1426+08 147586=05 1.3407-05 3,0992~05
DIMENSIONS  5,0000+00 5.,7000+01 1.8151401 1.5000+01 1.1700+02
~WEIGHT(GM) - .- 1,0217407 7,1161+407 2,7252+07 1.6667+07 8+8961+07
DWDT(GM/CM) 4.5291+06 3.1001+06 2¢5775+06 1.9227+406 1.1473+06
DODT( /CM) =1.5954=04 =1,8348=04 =1.5957=04 =1.0705=-04 =5,2747=05
—DDDWA{ - /GM). =3,5226711 <=5,9184~=11 =6.:2026=11 =5:5677=11 =4,5976~11
ttt#**ttttttt*lTERATION**WEIGHT(GM)***DOSE( 1 )*xxDOSE( 2 )***DOSE(TOT)*tUNSHIELDEDttttttttt#tttt*tt#*t‘t**
30 2,1826+08 1.2496=05 14113705 2,3633=05
—DIMENSIONS—- - -5+0000+00 57000401 - 1+9693+01 1,5000+01 1,1700+02
WEIGHT (GM) 1,0217+407 7,1161407 2.9856+07 1.6957+07 9,0069+07
DWDT(GM/CM) 4,5658+06 3.1368+06 2.6142+06 1.9474+06 1.1590+406
~-DRDT({—/CM). - =2,0876=04 =2,3744=04 =2.0689=04 =1,3923=04 =6,9688-05"
DODW( /G6M) =4,5722=11 =7.,5694=11 =T7.9140=11 =7.1496=11 =¢,0128-11
*l******t**t**ITERATION**WEIGHT(GM)***DOSE( 1 )x=xDOSE( 2 )**#DOSE(TOT)*#UNSHIELDED“‘*##“###“O'.“ttttt*
e e e ——— - B0 242226408 8+9234=06 9.,2767=06 1.,8200~05
DIMENSIONS 5.0000+00 5.7000+401 2¢1214+01 1.5000+01 1.1700+02
WEIGHT (GM) 1.0217+07 7.1161+407 342470407 1.7246+407 9,1169+07
,,nuouswcm.,. 446021406 J,1732406 2.6506+06 19719406 1,1706+06
:DDDT( /CM) =2,4673=04 «2,7783=04 =2,4210=04 =1.6368=04 «~8,3081-05
DDDU( IGM) -5.3612-11 =8,7557=11 =9.,1337-11 =8.3005~11 =7,0971~-11

0.0000

0,0000

0,0000

0,0000

050000 -

I ET T TT I B AT T T ST P T
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kRN R TTERATTO xaw _TGUT (50 ) 4 xi 050 ¢

54 D a2027T+LT
5. 00GC+00 SN IR S
1,80217+07 Tel161457
U.63R3+01: RIPANENT T

el A =0
De27 M40
Fe5peh4(07
Sedan T+06

GIMENSTONS
WEIGHT (6M)
LeDT{EM/CH)

)£ xkNCSE{ 2

T.7471=0h
1.53C9+01
1.7533+07
19463404

ronT( /CM) =2, 7631=01 =X, 03 6e(l =P f72=00 =] R2H44=04
DEDW( /GM)  =5,9572«11 =9,6082=11 =1.0392=10 =9.1390~-11
sk ok gk k ko kR [TERATION %y £ JCHT (G!) w050 ¢

6l 2.3327+40F  Haplet=06 6.4R6I=UA
DIMEMSIONS 5.000G+00 HeTul0+51 2elilgl+01 1.5000+01
WEIGHT (GM) 1.,0217+07 71161437 3778407 1.7819+407
DwDT (CM/CH4) L.67U2+06 32453406 2e7207+06 2.0205+06
PDDT(  /CHM) =24,99587=04 =3,231A3=0/1 =2.8003=04 =1.9697=04
DODW(  /GM) =€ .U40F9=11 «1,0210«10 =1,04h16=1C =2.7469=11
kkdcokk ko kkkkk JTERATION iaxinETCHT (G141 ) k230G ¢ 1

70 2,3427+58 3,3430-06  S.4434=06
DIMENSIONS 5,0000+00 5.7300+212 2e5654+401 1.5000+401
WEIGHT (GM) 1.0217+407 7.1161427 4ed470+407 1.,8104+07
DEDT(GM/CM) t,7099+06 2. 2810+5F 267584406 2,0445+06
DEDT(  /CH) =3,1801-04 =3,U4054=04 =T,04aP=04 =2.,0833-04
DODOW( /GM) =f.7518=11 =1,.(654=10 =l.1l0ufR=1C =1.0190-10

YRk kOSE (TO MY wwUn SHATLDE N Atk ek Ao o ok K AR R KK A AR X

1.“15.’,“"_:“’ l’i.ODOC
1617C0+02
Q.2260+7
1.1822+06

-903760“Cq

=-7.9312=-11

Ya#ANOSE( 2 ) adxDUSE(TOT) %40 SHIELDED sk xdkdkdokkkok ik kk gk ok k¥

1.1102=-25
1.,1709+402
9,3344+°7
1,1935+26
=1,027%4=24
=f 574311

0,60G0

Yax*COSE( 2 ) kakDOSE(TOT) akUnSHIE LDED % skt ok Ao ok Kok ok ok ook Kok K

1o 7864U=16
1.1700+Q2
9. 4t19427
1,2049+76
~-1.0929=-C4
-9,0703-11

€.00C0

ook okokoko ok Kk I TERATIOMN#xinE IGHT (Gi ) %%k DO0GE ¢ 1 ) xx*DOSE( 2 ) xx*xDOSE(TOT) xxUNSHIELDED® sk kk gk kkk sk kR xR KX K%

80 2,3827+08 2.4314=06
DIMENSIONS 5,0000+00 5.,709C+C1 247006401
WEIGHT (GM) 1.0217+07 71161407 4e3n022407
DwDT (GM/CM) 4,7454+06 343165+0¢ 247439406
DODT(  /CM) =3.3275=04 ~3.63U5=0U =3,15:5=04
DODW( /6M) =7,0119=11 ~1,0959=17 =l.l341-10

wlkkk Rk kg kk ek kI TERATION akn CTGHT (GM) %9 %0 ¢
90 2.“22(}"’0" 1077“9-06

DIMENSTONS S5,0G00+00 5,79500+%1  2.85-0+401
WEIGHT (GM) 10217407 71161457  WaBEa3407
DWDT(GM/CM)  L.T7807+06  3,2517+G5F  2.82014+40a
DEDT(  /CM) =2 4462=04 =3, 7%35=00 =3,2645=04
DDDW(  /GM) =7.2085=11 =1,1168=1C =~l.14536=10

on-d

14 45792=06 7.010/=006 0,0000
1.5000+401 1,1700+02
1.8386+0G7 Q,5487+07
2.0683+06 1.2162+4C6F
=221729=04 =1,1495~04
=]1,0506=10 =9,4521~11
1 )% %kDOSE( 2 ) xx%kDOSE(TOT) akUMSHIELDED® ko # ek ke ko ook ko
3.8609-06 5.6367-C6 0.0000
1.5000+01 1.1700422
1.8668+07 9,654R+C7
2.0920+06 1.2273+06
=2,2442=04 =1,196(=-CH
~1¢0727=10 =9,7445~31
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wkkkkkkakkkkk I TERATION® ¥, FIGHT (Gi1) %4008 ¢ 1 ) x*kxDOSE( 2 Yk kNOSE (TOT) ke UNMSHIELDE D 0ok ok e s o e e s e o o ok o ook o ok K 40K
100 2.4628+400 1e3003=06 3.2624=06 4,564n=06 0,0000
DIMENSTIONS £.0000+4060 5.79C¢0+01 2¢9u0A+01 1.5000+01 1.1700+02
WEIGHT (6M) 1.0217407 7.1161+07 Leg3ag2+07 1.8948+407 9,7601407
DWDT(GM/CM) 4.,8158+06 3,3568+(0¢F 2e86u2+406 2.1156+06 1.2384456
DODT( /CM) =3.5425=04 =3,8292=04 =3,33g1=04 =2.3013=~04 =1,2343=CH4
-DODW( /6M) =7.3559=11 =1.1306-10 =1.1658-10 =1.0878-10 =9,9666~-11
wkkkakkkpkkkkk T TERATTON®*WETGHT (GHi) #xxDOSE ( 1 ) »xxNOSE( 2 ) xx%DOSE(TOT) %% UNSHIELDED® kg k ko bk kR KKk K KK
110 5028+08 9e5833=07 2.7626=06 3.7215-06 0,0000
DIMENSIONS 50000400 5.,7000+01 341315+01 1.5000+01 1.1700+402
WEIGHT (GM) 1.0217+407 7.1161407 541030407 1,9227+07 9,8647+07
DWDT (GM/CM) 4.8507+06 3,4217406 2+8991+06 241390406 1.2494+06
DDDT( /CM) =3,6211=04 =3,8975-04 =3,3992=04 =2.3475=04 =1,2660~CH
DDDW( /GM) =7.4651=11 =1,1390-10 =1.1725-10 =1.,0975-10 =1,0133-10
akxxkkxkpkkxkk ITERATION«xWE IGHT (GH) %%xD0G¢ (1 ) x%xxDOSE( 2 ) %k kDOSE (TOT) xxU ISHIELDED sk ko ik kb ko ok K
S e s 120 2.5428+08 7+0862=07 2+3443=06 3.,0529-736 0,0000
DIMENSIONS 5.0000400 5.7900+01 3¢2687+01 1.5000+01 1.1700+02
WEIGHT (GM) 1.0217+07 7.1161+407 5¢3715+07 1.9504407 9,9686+07
—DNDT(GM/CM) 4,8854+06 3.4564+06 24¢9338+06 2.1622+06 1.2603+06 -
DDDT( /CM) =3,6857-04 =3,9522=04 =3,4473=04 =2.,3850-04 =1,2924-0%
DDDOW( /GM) =7.5443-11 =1,1435=10 =-1.1751-10 =1,1030-10 =1,0255=10
ki rnnnnkk] TERATION®*WE IGHT (GM) %xxDOSE ¢ 1 ) »*##xDOSE( 2 ) %% %DOSE (TOT ) %kUNSHIELDED xRk sk bk x a6 R R KRS R AR & &
130 2.,5829+08 5¢2565=07 1.9932=06 2.5189=06 0,0000
-WEIGHT(6M) - 1.,0217407 71161407 5e64099+07 1.9780+07 1.0072+08 : - -
DWDT (GM/CM) 4.,9198+06 3,4909+06 2+9683+06 2.1853+406 1,2711+406
DDDT( /CM) =3,7390~04 =3,9964=04 =3.4363=04 =~2.4157=-04 -1,3145-04
_DDDWAL— /6M) =7.5998=11 =1,1448=10 =1,1745=10 =1.1054=10 =1,0342-10
suxkknrkakrakx I TERATION**xWE IGHT (GM) »x%xDOSE ( 1 ) **x*COSE( 2 ) xx%DOSE(TOT) xkUNSHIELDEDR Rk kx kiR ke k& & KR KKK
140 2,6229+408 3.9132=07 1.6981-06 2.,0894=06 0,0000
-DIMENSIONS -  5,0000+00 5.7000+01 3.5354+01 1.5000+401 1.1700+02 - -
WEIGHT (GM) 1.0217+407 7.1161407 569111407 2.0055+07 1,0174+08
DWDT (GM/CM) 4,9541+406 35252406 3¢0026+06 2.20834+06 1.2818+06
_DDDT(.—/CM) =3,7833=04 =u,0324=04 =3,5180=04 =2.4409~04 =1,3331-04 e -
DODW( /G6M) =7.6366=11 =1,1439-10 =1,1717-10 =1.1053-10 =1,0400-10
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R Kk T TERATY Gy ETOUT (G e #00G0 ¢ 1 )#xkNOSE( 2 ) sk TOSECTOT Y kI SHIELDED ook ok e ok ok KA KR R %

gn-€

150 ZeHNEGHIF a2 3=0T7 1. 4494=0¢ 1., 7417=75 n,0000
DIMEMNSIONS e QC20+IN Te70HGI+ Y e hTIO40] 1.5200+01 11702472
WETGHT (GiM) 10217407 Tellel+47 flelunfi+07 2.0329+407 1,0276+40%
DWRT(GN/CM) 4.,9582+406 3eB503+06 3e02nT+06A 22312406 1.29254C6
DODT(  /CH)  =32,8202=0U =4,9017=31 =3,5440=04 =2.4618-04 «=1,3487=0k4
DODW( /GM) =7,6585-11 ~1,1412=10 =1,1471=10 =1,1034=10 =1,0435=10
kxR kk ARk ITERATION % i ETGAT (614) #k%00G 7 ¢ 1 ) #kDOSE( 2 ) ak#DOSE(TOT) kx U 'SHIELDED* ke ks kA KR kR AR KK
160 2.7329+408  241912=-07 1.2393-06 1,4585-06 72,0090
- DIMEMSTONS 5.0G600+00 5.730C+01 3.8020401 1.5000+01 1.1700+52
WEIGHT (GM) 10217407  7,1161+437  6A.u5x7407  2.0601+07 1,0378+07
DWDT(GM/CM) S.0222+06 3.5332+06 2.0796+05 2¢2539+06 1,3031+06
DODT( /CM)  =3.8512=04 =i,7859=0L =3,5a54«N4 «=2,4792=04 =1,3619=-04
DUDW( /GM) =7.6684=11 =1,1371-10 =1,1p11-10 ~1.1000-10 =-1,0452-1C
kR Rk kR [TERATIONx ¥ WEIGHT (GM) #*%xD0GE ¢ 1 ) %%x%NO0SE( 2 ) #%x*xDOSE(TOT) %kl iSHIELDED# koo e kokok ek ok Kok K
170 2.7429+408 1.6476=07 1.0617-06 1.,2264=06 0,0000
DIMENSIONS 5.0000+00 5.7C03401 349316401 1.5000+01 1.1700+02
WEIGHT (GM) 1.0217+07 7.1161+07 6¢7251+07 2.0872+07 1,0475+408
DWDT (GM/CM) 50559+06 3,6259+06 Je104y3406 2.2764+06 1.3136+06
DECDT( /CM) =3¢8773=04 ~=4,1059=(4 =3,5331=04 =2.4938=08 «1,3731=94
nopw( /6M) =7.6687-11 ~1.1321-10 =1.,1542=10 =~1.,0955=16 =1,0453-10
wkokk gk ko kk ] TERATION*.*XWE IGHT (G ) ##%xDOSE ¢ 1 ) x*%%¥DOSE( 2 ) xk*DOSE(TOT) xxUNMSHIELDED ARk x s kxR xRk ke RA KK R
180 2.,7830+08 14243207 9.1104=07 1,0354~=06 0,0000
DIMENSICNS 5.0000+00 5.7000+01 4.0599+01 1.5000+01 1.1700+02
WEIGHT (GM) 1,0217+07 7.1161407 $:9G02+07 2.,1142+07 1.0578+08
DWDT(GM/CM) 5.0895+0h 3.6605+06 2e1379+406 2.2939+06 1.3240+06
ODDDT(  /CM) =3.8993-04 =4,1226~0L4 =3,5G7G=04 =2.5060=04 =1,3827~04
DDDW( /6M) =7.6614=11 =1,1262=1C <=l.14g6=10 =1.0901=10 =1,0443-10
wokdkk ok kpkkkkk ITERAT ION#xxWEIGHT (61 ) w*2N0SE ( 1 ) xx%NOSE( 2 ) xkxDOSE (TOT) ke UNSHIELDED sk skt sk ek e b o o ok
19¢ 2.7910+40%8 1.1336=-07 8.8498=07 9.,9835-07 0,00C0
DIMENSIONS 4.,8039+400 570004901 4.1171+01 1.5000+01 1,1700+22
WEIGHT (G™) 9,7953+06 7.0G93S+4(7 7.1063407 2.1222+07 1.,0608+2F
DWDT (GM/CM) 5.0922+06 3.6091+06h Ze1478406 2+3055+06 1.3271+94
DRDT(  /CM) =3.9191-04 =L,1374=04 =3,5111=04 =2.5170-04 =1,3913~-04
DOBW( /GM) =7.6964=11 =-1,1276=10 =1.1;72=-1¢ =1.0917=10 =1,0484~10
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wkkkk kg kR kKR I TERATTON kA E IGHT (60:) #4 %1 0S¢ 1 Y#kaDOSE( 2 ) dk*DOSE (TOT) ks UMSHLFLLDE D ok e ko o o 46 o o o ook oo o o o o ok ok ok
200 2.7899+G¢ Lelzwii=N7 ReBY18=-C7 1.0022-96 0.0000

DIMENSIONS 47425400 5.7000+C1 Hel235+01 1.5000+C1 1.1700+¢2

WEIGHT (GM) C,6637+06 7.0869+07 741150407 2.1222+407 1,0608+(08

DWDT(GM/CM) 5.0900+06 3,6037+06 Je1479+G6 23055406 1.3271+906

DODT( /CM) =3,9389=-04 =4,1522=04 =3,6242~04 =2,5279=04 =1,3999-04

-DDPW( /6M) =7,7386-11 =1,1318-10 <«1.,1513=10 =1.,0965=10 =1,0549=10

Rkakrknknkokk k] TERATIOMN ¥« WETGHT (GM) %% xDO0SE ( 1 ) k%xkDOSE( 2 ) %%xNOSE(TOT) kkUNSHIELDED Rk kg kg ke kK ok ok ok KK
210 2.7903+08 141259=07 8.8783=-07 1,0004=06 0,0000

-DIMENSIONS 4,7395400 5.,7000+01 helzg3401 1.5000+01 1.1700+402

WEIGHT (GM) 9,6571+06 7.0866+C7 7¢1136+07 241225407 1.0609+408

DWDT (GM/CM) 5.,0902+06 3,6691+06 341433406 23058406 1.3273+06

-DODT(  /CM) =3,9587=04 =U4,1669=04 =3,6372=04 ~2,5388=04 =1,4085=04

DDOW( /GM) =7.7770=11 =1,1357-1C =1.,1553=10 ~1.,1011-10 ~1,0612-30

t#t***********ITERATIOh**hEIGHT(GM)***Dosg( 1 )xxxDOSE( 2 )***DOSE(TOT)**UNSH1ELDED****t***t****#t*t**tttt*
220- 2,7903+08 lel251=07 8.3757=07 1.0001=~06 0.,0000

DIMENSIONS 4.7387+00 5.,7000+01 he1257+01 1.5000+01 1.1700+02

WEIGHT (GM) 9,6555+06 7.0865+407 Te1163+07 2.1226+07 1,0610+08

-DWDT (GM/CM) 5.0903+06 3.6692+06 3e1ypl+06 2.3058+06 163273406

DODT( /CM) =3,9784=0U4 =4,1816=04 =3,6503=04 =2.5497=04 =1,4171=04

DODW( /GM) =7.,8156=11 =1,1397-10 =1.1594=10 =1,1057=-10 =1,0677=10

Ak Ak bk kg k ke kR ITERATION®*WEIGHT (GM) %*%xDOSE( 1 ) #%%kDOSE( 2 ) wkkDOSE(TOT) xxUNSHIELDED skt kkampakhk s d kst
230 2.7904+08 1.1250=07 8.8752=07 1.0000~06 0,0000

DIMENSIONS 4,7385+00 5.7000+01 bel257+01 1.5000+01 1,1700+02

WEIGHT(GM). -9,6551+06 7.0865+07 Te1195407 2.1226+07 1,0610+08

DOWDT (GM/CM) 50903406 3,6692+06 3144406 2.3059+06 1.3273+06

DODT( /CM) =3.9981=04 =4,1963=04 =3.6633=04 =2¢5606~04 =1,4257=04

—£6M). =7.85U44m1) - =1,1437=10 =1.,1636=10 =1.1105=10 =1,0742=10 -
aonkxegaTERMINATION =~ 3 (0/1/2/3)-(DIME”SION cONSTRAINTS/ITeRATIONS/UNSHIELDED/DOSE CONSTRAINT)t*ttttt**
!‘t***t#tttt*tITERATION**WEIGHT(GM)***DOSL( 1 )xxxDOSE( 2 )**#DOSE(TOT)*#UNSHIELDED**####***.#.‘#.'#***t#t#
- - - 238 27904408 -1,1249=07 8.8750=07 1.,0000~-06 - 0,0000 - e

DIMENSIONS b 7385+00 5.7000+01 be1257401 1.5000+01 1.1700+02

WEIGHT (GM) 9,6551+06 7.0865+07 7¢1195407 241226407 1.0610+08

DWDT(GM/CM) = 5,0903+406 3,6692406 34144406 2.3059+06 1,3273+06 - S

DODT( /CM) <=4,0060~04 =4,2021=04 =3,65R6=04 =2,5649=04 «i,4292=04

DODW( /GM) =7,8699~11 ~1,1453=10 =1.1¢52=10 =1.1124=10 =1,0768-10
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T.m.JQpDAH-A.R.T,QESEAUCH*************k****A**********SECOHDARY PH

ook ok oK e RoKKOK b ook Rk ok R WU T O PLOT OF Y = 1 OG(DOSE RATE) VERSUS X = IfERATIOM TINDEX ¥k kahhk kR sk kg RERREREE

-4,0000+00

=4,0882+00

=4,17654+00

=i 2647400 x

=4,3529+00 *

-l 4412400

=4 ,52944+00 *

=4,6176+00 *

-y 7059400 *

=4 ,7941+00

=-4,8824+400 x

-4,9706400 *

=-5,0588400 *

=5,1471400 *

=5,2353+00 *

-5,3235+00 *

-5,4118400 *
-5,5000+400 *
-5,58R2+400 *
-5,6765+00 *
-5,7647+00 * _ -
=5,8529400 . *
=5,9412400

- =6, 0294400

=6,1176400

-6,2059+400

=6,2941400

=6,3824400

-6, 4706400

-6,5588+00

-6,6471400

-6,7353400

=6,8235+00

-6,9118+00

=7,0000400
X= 0.,0000 2.3500+02=X

06-d
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SekkdkokkRok ok Rk Rk R kRokk kR GUICK PLOT OF Y = Ly (WEIGHT=GRAMS) VERSUS X = ITERATION INDEX kakdatk®anknkkgkiog ks

9,0000+400

B8.,9706+0C

8,9412400

8.,9118400

8,8824400

8+8529+00

8,8235+400

8,7941400

84, 7647+00

8,7353+400

8,7059+400
— -8,6765400

8,6471+400

8.,6176400
—— 8,5882+400

8,5588+400
- 8.5294+00
=.8,5000400 : : S e

8,4706400

8,4412+400 * %X % % % % % % *
—8y4118400 * » * * * - - L :
- 8,3824400 % * * *

8,3529+00 * * * *
—843235400-% %y - o S e e -
8.,2941+00
8,2647+400

842353400
8;2059"00
" 8,1765400
L 8,1471400 e e - . . : O O — —
8,1176+400
8,0882+400
—8,0588400 - - - - - S e e e -
" 8,0294+00
- 840000400

X= - 0,0000 ‘ S e - =25 3500e022X-
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Appendix C

FORTRAN VARIABLE DEFFINITIONS

All variables, except for variable-dimensioned arrays, are stored
in named common blocks. Variable-dimensioned arrays are all

stored in blank common.

The fixed-location integer and real variables are listed and
defined in Tables C.1l, C.2, C.3, etc. corresponding to common
block names COl, CO2, CO3, etc. Many of the integer variables
in these tables give the first location, in blank common, where
variable-dimensioned arrays are stored. These array location
integers all have a Fortran name starting with I followed by
ocne, two, or three letters which are the array name, e.g.,

TA would be the first location in blank common occupied by

the A array. 1In the tables, these location integers have been
listed in the form:

I A(KMAX,JMAX,IMAX) definition of A array

i.e., the table gives the array name, the array dimensions,

and the array definition. The variables in the named common
blocks as well as the elements of the arrays stored in blank
common can be dumped at spécified control points in the program
by input of the DUMp input section described in Appendix A.

Several of the variables listed in these tables are used only
by versions of the program proprietary to A.R.T. Research
Corporation,



M1l

M2

M3

MU

M5

M6

M7

M8

TABLE C.l
DEFINITION OF VARIABLES STORED IN NAMED COMMON COl
input unit logical designation
output unit loglical designation
cross section tape unit logical designation
restart tape unit logical designation
collision tape.unit logical designation
source tape unit logical designation
census tape unit logical designation

scratch tape unit logical designation



TABLE C.2

DEFINITION OF VARIABLES STORED IN NAMED COMMON CO2

KASE
NPAGE
LINES
LINEX
LINGUT

I LAB(24,2)

problem index

printout page index

line count

maximum lines per printout page
(0,1)=(print,no print) input cards

problem title



TABLE C.3

DEFINITION OF VARIABLES STORED IN NAMED COMMON Cco3

IBMCDC
NST@RE
NERRZR
NNEXT

NARRAY
MARRAY

LENFLgZ

LENBCD

I NAM(NARRAY)
I LOC(NARRAY)
I MXI(NARRAY)
I MXJ(NARRAY)
I MXK(NARRAY)

I IFB(NARRAY)

mabhine dependency flag, not used
length of blank common

error count

next available location in blank common
maximum number of arrays

number of arrays in the directory

(1,2)=(single,double), floating point
word length '

integer (base 10) to overflow a byte
(vase computer)

names of arrays in the directory

first location occupied by array

dimension of third index of each array

dimension of second index of each array

dimension of first index of each array

array type, (O,l,2)=(1nteger,real,3&b)



TABLE C.4

DEFINITION OF VARIABLES STORED IN NAMED COMMON CO4

INL option for interpreting IN3 etc. from
option card

IN2 option for input of subsequent data
cards
IN3-IN24 definition depends on input section

c-s



TABLE C.5

DEFINITION OF VARIABLES STORED IN NAMED COMMON

IDRAND
IDRESU
IDGE¢M_
IDSZER
IDINSE

MINPUT
KARDID
I KAR(100)

I INA(MINPUT)
I INB(MINPUT)

I INC(MINPUT)

index of last input section
RANDZM

index of last input section
by subroutine RESULT

index of last input section
by subroutine GE@MIN

index of last input section
by subroutine SZER@

index of last input section
by subroutine INSECT

C05

in subroutine

handled

handled

handled

handled

maximum number of input sections

index of the last input section input

input section identifiers

input section indicator (0,1l)=(never

input,input)

input section indicator, (O,

input this case

1)=(no,yes),

input section indicator, value of IN2

for sections input

C-6



TABLE C.6

DEFINITION OF VARIABLES STORED IN NAMED COMMON COO

NIMAX
NMMAX

NUNITD

INDEXH
I ATN(NIMAX)
I ATW(NIMAX)
I ATD(NMMAX,NIMAX)

MIXES

I MIX(MIXES)

I RHH(MIXES)
I RHM(NMMAX)

I DEN(3,MIXES)

NUNITX
NV@LTS
I PYT(8,NMMAX)

MIXED

number of elements
number of materials

mn

compogition units (O,l)=(lO2 atoms/cc,

gm/cc)

index of hydrogen in element list
atomic numbers of elements

atomic weights of elements
compositions in lozuatoms/cc

number of materials and mixtures with
different hydrogen content

index of material associated with
the mixtures

hydrogen density in the mixture
material density (gm/cc)

sum of partial densities times atomic

numbers to powers 1-3
composition units option
internal EMP calculation flag
macroscopic materials properties

number of hydrogen-material mixtures
Cc-7



TABLE C.7

DEFINITION OF VARIABLES STORED IN NAMED COMMON CO7

NEPMAX

NF@RM
NEDGES

NEPM@D

T ELP(NEPM@D)

I EWP(NEPMAX)

I AEP(NEPMAX)

I VEP(NEPMAX)

I PST(NEPM@D,NMMAX )

I PEA(NEPM@D, NMMAX )

I FXX(NF@ZRM)
I FFC(NF@RM,NMMAX )
I FFI(NF@RM,NMMAX )

I SPP(NEPM@D,NMMAX )

number

number

factors

of photon energy groups

of' tabulation points in form

maximum number of photoelectric edges

per element

NEPMAX+1

photon

photon

photon

photon

photon

photon

energy group boundaries (Mev)
energy group width (Mev)
average group energy (Mev)
average group velocity (cm/sec)
total cross section (cm—l)

energy absorption coefficient

(Mev/cm)

form factor tabulation points

coherent scattering form factors

incoherent scattering form factors

total pair production cross section

(em™")
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TABLE C.7 (cont'd)

T SEL(NEPM@D,NIMAX) microscopic photoelectric cross section

(barns/atom)

T EDG(L4,NEDGES,NIMAX) photoelectric edge data

I PSH(NEPM@D) microscopic total photon cross section

for hydrogen

-9



TABLE C.8

DEFINITION OF VARIABLES STORED IN NAMED COMMON CO8

NEMMAX

N@RDER

ND@WN

INELAS
NTRANS
LFIXUP

MGSLZW

NEMM@D

I EIM(NEMMZD )

I EWM(NEMMAX)
I AEM(NEMMAX)
I VEM(NEMMAX )
I STM(NEMM@D, NMMAX )

I EAM(NEMM@D,NMMAX )

energy groups for multigroup neutron

cross sections

1 + order of Legendre expansion of

cross sections
1 + maximum elastic down scatter
groups initiating nonelastic transfer

1 + maximum nonelastic transfer

number of diffusion groups, multi-
group neutron cross sections

NEMMAX+1

multigroup energy group boundaries
(Mev)

multigroup width

multigroup average energy

multigroup average velocity

total multigroup cross section (cm’l)

elastic scattering energy absorption,
multigroup neutron (Mev/cm)



TABLE C.8 (cont'd)

I SHM(NEMMZD) total hydrogen cross section,
multigroup neutron (barns/atom)

I SGS(max(3,NORDER),
NEMMAX *ND@WN,NMMAX ) multigroup elastic scattering data

I SGI(NTRANS,INEIAS,
NMMAX ) nonelastic scattering multigroup

cross sections (cm—l)
NIDE table length for EZ histogram

IIDE dummy variable



TABLE C.9

DEFINITION OF VARIABLES STORED IN NAMED COMMON CO9

NNEMAX number of neutron energy groups,
point value cross sections

NAAMAX number of c¢.m. cogines for
anisotropic distributions

MAXANI maximum number of groups with
anisotropic elastic scattering

NANIS@ total number of anisotropic distributions

N@NELA maximum number of groups with nonelastic
scattering

NDR@ZPS maximum transfer due to nonelastic
scattering

NBSL@W number of diffusion groups, point

value neutron cross sections

NNEM@D NNEMAX+1

I ELN(NNEM@ZD) neutron energy group boundaries (Mev)

I EWN(NNEMAX) neutron energy group widths (Mev)

I AEN(NNEMAX) neutron average group energy

I VEN(NNEMAX) neutron average group velocity

I CSA(NAAMAX) tabulation cosines for anisotropic pdf's

I TSN(NNEM@D,NMMAX ) total neutron cross section (cm-l)
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TABLE C.9 (cont'd)
EAN ( NNEMZD , NMMAX ) energy absorption for neutron (Mev/cm)
HSN ( NNEMZD) total hydrogen cross section (barns)
ESN(NNEM@D, NIMAX ) elastic scattering cross section (barns)

GSN(NDR@PS ,NGNELA , -1
NMMAX ) nonelastic transfer matrix (ecm )

PAN(NAAMAX,NANISP) anistropic scattering dietributions

NAS(NﬁNELA,NIMAX) indices of scattering distributions



TABLE C.10

DEFINITION OF VARIABLES STORED IN NAMED COMMON C10

NEEMAX

NTABE

NTABZ

LOGANA

NESLgW

NEEMZD

I ELE(NEEMZD)

I EWE(NEEMAX)

I AEE(NEEMAX)

I VEB(NEEMAX )

I DET(NEEM@D,NMMAX )
I DER(NEEM@D, NMMAX )
I THS(NEEM@D, NMMAX )

I EST(NEEM@D, NMMAX )

I DEA(NEEM@D, NMMAX )

number of electron energy groups

number of energies in input electron
library

number of elements in input electron
library

electron transport step size option

number of range-energy approximation
groups

NEEMAX+1

electron energy group boundaries (Mev)
electron energy group widths (Mev)

average electron group energy

average electron group velocity

total electron stopping power (Mev/cm)
radiative electron stopping power (Mev/cm)
mean square angular deflection per cm

total electron large-angle cross section
-1
(em 7)

Lotal small-angle stopping power (Mev/cm)
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TABLE C.10 (cont'd)

I PEE(NEEMﬁD,NMMAX) total electron-electron cross section
-1
(em )

I HSE(NEEMZD) dummy hydrogen electron total cross
section (all zeros)

C-15



TABLE C.11

DEFINITION OF VARIABLES STORED IN NAMED COMMON Cll

NGPMAX
NGPM@D

NFPMAX

T FPLP(NGPM@D)

I FNP(NGPMAX)

I TDG(4,NFPMAX)

T RSG(NGPM@D,NFPMAX )

number of photon flux groups

NGPMAX+1

number of photon response functions

photon flux group boundaries

photon flux group widths

photon response titles

photon response functions



TABLE C.l2

DEFINITION OF VARIABLES STORED IN NAMED COMMON Cl2

NGMMAX

NGMM@D

NFMMAX

I FIM(NGMM@D)

I FWM(NGMMAX )

I TDM(4,NFMMAX)

I RSM(NGMM@D, NFMMAX )

number of multigroup flux groups

NGMMAX+1

number of multigroup response functions

multigroup flux boundaries

multigroup flux group widths

multigroup response titles

multigroup response functions



TABLE C.13

DEFINITION OF VARIABLES STORED IN NAMED COMMON C13

NGNMAX

NGNM@D

NFNMAX

I FLN(NGNMZD)

T FWN(NGNMAX)

I TDN(4,NFNMAX)

I RSN(NGNM@D,NFNMAX )

number of neutron flux groups

NGNMAX+1

number of neutron response functions

neutron flux group boundaries

neutron flux group widths

neutron response titles

neutron response functions



TABLE C.1l4

DEFINITION OF VARIABLES STORED IN NAMED COMMON Cl4

NGEMAX

NGEM@D

NFEMAX

I FLE(NGEM@D)

I FWE(NGEMAX)

I TDE(4,NFEMAX)

I RSE(NGEM@ZD,NFEMAX )

number of electron flux groups
NGEMAX+1

number of electron response functions
electron flux group boundaries
glectron flux group widths

electron response titles

electron response functions



TABLE C.15
DEFINITION OF VARIABLES STORED IN NAMED COMMON Cl5

NVMAX number of sources

NXMAX maximum number of points per source
distribution

NESMAX maximum number of groups in any processed

source spectrum

I NXS(NVMAX) source particle type

I NSG(NVMAX) source geometry type

I JSN(NVMAX) index of first non-empty source group

I JSX(NVMAX) index of last non-empty source group

I SUV(NVMAX) total source intensity (Mev/sec)

I RSI(NVMAX) relative source importance

I XTR(3,NVMAX) source translation vector

I NPC(S,NVMAk) number of tabulation points in the
spatial and angular source distributions

I VMD(5,NVMAX) preferred values of the spatial and
angular source variables

I ALP(5,NVMAX) Slope of exponential for selecting spatial

and angular variables
I VEE(NXMAX,5,NVMAX) tabulation points for source distributions

C-20



I VAL(NXMAX,5,NVMAX)

T SPW(NESMAX,NVMAX )

I SPE(NESMAX,NVMAX )

TABLE C.15 (cont'd)

value of source distribution at
tabulation points

particles in each source group

average energy of particles in each
source group

c-21



TABLE C.16

DEFINITION OF VARIABLES STORED IN NAMED COMMON C1l6
NPFMAX number of source time profiles

NPTMAX number of histrogram sections in each
time profile

I TTB(NPTMAX,NPFMAX ) tabulation times for time profiles

I TSP(NPTMAX,NPFMAX) value of time distribution



TABLE C.1l7

DEFINITION OF VARIABLES STORED IN NAMED COMMON Cl7

NSMAX

NAMAX

I NPT(NSMAX)
I AZ{NSMAX)
I A(NAMAX,NSMAX)

T ND(NSMAX)

I XD(NSMAX)

I U(NSMAX)

I V(NSMAX)

I W(NSMAX)

I SI(2,NSMAX)

number of surfaces

maximum number of coefficients in
the quadric surface equation

number of coefficients in each surface
a, term in surface quation
other terms in surface equation

status of ray tracing calculation
by surface

dummy array for selecting source
or collision point

constant term in quadratic equation
for distance to surface

linear coefficient term in quadratic
equation for distance to surface;
also data in calculation of distance
to collision

quadratic coefficient in equation
for distance to a surface

roots of equation for distance to a
surface;

also data in calculation of distance
to collision
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TABLE C.18

DEFINITION OF VARIABLES STORED IN NAMED COMMON C18

NRMAX number of regions
NBMAX maximum number of boundaries per region
I MTL(NRMAX) index of material in region
I ISV(NRMAX) index of volume source overlying
a region
I RHY(NRMAX) relative material density of region
I RIM(NRMAX) relative scattering importance of region
I SGM(NRMAX) average cross section (except hydrogen)
by region
I SGH(NRMAX) average cross section for hydrogen
' by region
I ALT(NRMAX) average logarithm of the ratio of

forward-to-backward scattering

I SGA(NRMAX) total cross section for the average
energy group

T BIG(NRMAX) region volume

I XR(3,NRMAX) coordinates of a point in region

I NS(NBMAX,NAMAX) surface index of boundary

I NXT(NBMAX,NAMAX) index of most probable next region
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TABLE C.19

DEFINITION OF VARIABLES STORED IN NAMED COMMON C19

NCCMAX
NCCM@D

NCSMAX

NCRMAX

I ICS(NCSMAX)

I JCS(NCCMAX,NCSMAX)
I ICR(NCRMAX)

I JCR(NCCMAX,NCRMAX)
I KCS(NVMAX)

I KCR(NRMAX)

number of correlated calculations

NCCMAX+1

number of correlated sources

number of correlated regions

indices of

indices of

indices of

indices of

correlated

correlated

correlated sources

replacement sources

correlated regions

replacement regions

source table index

region table index



TABLE C.20

DEFINITION OF VARIABLES STORED IN NAMED COMMON C20

NDMAX number of detectors

NPDMAX number of point detectors

NVDMAX number of volume detectors

NSDMAX number of surface detectors

NVDM@D number of surface and volume detectors

I IDR(NDMAX) region index of detector

I IDS(NDMAX) surface index of detector

T V@L(NDMAX) area, volume, or scale factor for
detector

I STD(NDMAX) translation time for detector

I CcDT(3,NDMAX) fixed direction for detector

I XDT(3,NDMAX) voint detector coordinates

NDM@D number of detectors for which fluxes

are being calculated

NDMUD NDM@D*NCCMZD



TABLE C.21

DEFINITION OF VARIABLES STORED IN NAMED COMMON CZ21

NSHELL

T RAD(NSHELL)

NAIRPT

T AIR(NAIRPT)
I REL(NAIRPT)

I AAD(NSHELL)

I BAD(NSHELL)

number of spherical zones in the
atmosphere

spherical zone boundaries (cm)

number of points in the tabulated
air density

air density tabulation points (cm)
relative alr densities

constant term in linear air density
curve

slope of linear air density curve



TABLE C.22
DEFINITION OF VARIABLES STORED IN NAMED COMMON C22

NRRMAX number of radial intervals
in cylindrical geometry option

NRRM@D NRRMAX +1

I ARE(NRRMAX+1) radii of intervals

NZZMAX number of axial zones in the cylindrical
geometry

NZZM@D NZZMAX+1

I ZEE(NZZM@D) axial zone boundaries (cm)

I CUE(NRRMAX,NZZMAX,4) initial value of charge and current

I CUP(NRRMAX,NZZMAX,
L¥MVELTS ) charge and current on current

time step

I V@T(NRRMAX,NZZMAX,
L*MVALTS ) scalar and vector potentials for

finite difference solution
I W@T(NRRMAX,NZZMAX,

LU*MVFLTS ) scalar and vector potentials for
finite difference solution

I VJH(NRRM@D,NZZMAX)  boundary potentials, radial
I VIH(NRRMAX,NZZM@D) boundary potentials, axial

I DIE(NRRMAX,NZZMAX) dielectric constant by cell

c-28
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H

H

Il

PER(NRRMAX , NZZMAX )

VTP(NRRMAX,NZZMAX,
UxMV@LTS )

VPP (NRRMAX,NZZMAX,
L*MVELTS )

CUR(NRRMAX,NZZMAX,
L*MVALTS )

TABLE C.22 (cont'd)

permeability by cell

scalar and vector potentials last
time step

scalar and vector potentials last-1l
time step

total charge and current by mesh
cell



TABLE C.23

DEFINITION OF VARIABLES STORED IN NAMED COMMON C23

NDUMPS number of dump requests

NLISTS number of dump requests

NVAMAX maximum number of arrays per dump
request

NCBMAX maximum number of named commons to
be dumped

I NVA(NDUMPS) number of arrays in each dump

I IDA(NVAMAX,NDUMPS) lists of arrays to be dumped

I SUB(2,NDUMPS) subprogram names for dumps

T IFN(NDUMPS) point in subprogram at which dump
is taken

I KAL(NDUMPS) number of passes through dump point

I NDN(NDUMPS) index of pass on which first dump
occurs

I NDX(NDUMPS ) index of pass on which last dump occurs

I LST(NDUMPS) LST(I) = I

I KBN(NCBMAX+1,NDUMPS) indices of named commons to be dumped
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TABLE C.24

DEFINITION OF VARIABLES STORED IN NAMED COMMON ca24

MQDELP

MQDELQ

MPDELU
MQDELV
M@DELE
MPDELM
I GIM(NEXMAX)
I ATM(NEXMAX)
I AIM(NEXMAX)

I ALH(NEXMAX)

M@DELR

biasing model, initial particle
source point

biasing model, initial particle
direction

biasing model, distance to collision
biasing model, scattered direction
energy importance model

discrete particle-packet model

cross section group importance
linear buildup coefficients
forward-backward scattering ratio

forward-backward scattering ratio
for hydrogen

Russian roulette model
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TABLE C.25

DEFINITION OF VARIABLES STORED IN NAMED COMMON C25

NP@INT

NPRINT
NUNITS
KALIDE

NPDRUN

IIIGUT
IQUTER
IPRINT
NT@TAL

MTQTAL

0, fluxes at all detectors simultaneously
1, fluxes at point detectors individually

number of prints per cycle
number of packets per print
maximum number of collisions per history

number of point detectors which have
been run

cycle index

number of cycles

print loop index

number of packets generated

number of histories run on previous
print
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TABLE C.26

DEFINITION OF VARIABLES STORED IN NAMED COMMON C26

NPEMAX

NSEMAX

I SEC(NSEMAX
NMMAX )

I SHA(MAXO(NEMMAX,
MEMAX ) )

NREACT
IREACT

MXSECT

NPEMAX,

number of primary energy groups
yielding secondaries

number of secondary energy groups
which receive secondaries

macroscoplc secondary production
cross sections

hydrogen capture cross section

primary-secondary combination indicator

reaction indicator

index of primary producing the secondary
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TABLE C.27
DEFINITION OF VARIABLES STORED IN NAMED COMMON (27

NPLAT plot option flag
MPLGT number of plots generated
IPLY location of plot buffer

C-34



TABLE C.28

DEFINITION OF VARIABLES STORED IN NAMED COMMON c28

IXSECT
JXSECT

NXSECT
NEXMAX

NEXMZD
TELX
IEWX
ISSH
IESB
IVEL
ISGT
IEAC

NSLOW

LSLAW

NFAST

I DﬁN(LsL¢w,NMMAX+1)

NXSECT+1 for particle type being run
MXSECT+ 1 for particle type of prior run

(0,1,2,3)=(photons,multigroup neutrons,
point cross section neutrons, electrons)

number of cross section groups for
particle being run

NEXMAX+1

location of cross section group boundaries
location of cross section group widths
location of cross section for hydrogen
location of average group energy

location of average group velocity
location of total cross section

location of energy absorption cross section

number of groups treated by approximate
slowing down

(NSL@W* (NSLgW+1) ) /2

number of neutron groups'undergbing
explicit slowing down

neutron slowing down cross sections
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TABLE C.29

DEFINITION OF VARIABLES STORED IN NAMED COMMON C29

NEMAX number of energy groups for particle
typé being run

NEM@D NEMAX+1

IELL [ location of energy group boundaries
IELW location of energy group widths

I JWN(NCCMZD) : index of the first non-empty

group out of collision or source

I JWX(NCCM@D) index of the last non-empty
group out of collision or source

I KWN(NCCMZD) index of the first non-empty group
into collision

I KWX(NCCMﬁD) index of the last non-empty group
: into collision

I WS(NEMAX,NCCMZD) packet weights out of collision
or source

I TS(NEMAX,NCCMZD) average time of flight out of collision
or source

I ES(NEMAX,NCCMED) average energies out of collision or
source

I WC(NEMAX,NCCMﬁD) packet weights into collision

I EC(NEMAX,NCCM@D) average energies into collision

Cc-36



TC ( NEMAX , NCCM@D)
XMP ( NEM@D , NCCM@D )

SGR(NEM@D,NCCM@D )

SGB(NEM@D, NCCMZD )
VAF (NEMAX , NCCM#D)
VAE(NEMAX ,NCCMZD)
VAT (NEMAX ,NCCMZD)
XAS(NEMAX)

AJJ(NEMAX)

TABLE C.29 (cont'd)

average times into collision

mean free paths traversed by particle

total cross section in the last region

traversed

mean free paths from
path length-averaged
path length-averaged
path length—a§eraged

mean square electron

source point

weight

energy

time

deflection, integrated

dummy array for electron transport kernel
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TABLE C.30

DEFINITION OF VARIABLES STORED IN NAMED COMMON C30

NGMAX

NGMPD

NFMAX

IELF
IFGW
ITDS
IRSP

I FXA(NGMAX

M@MENT,
NDMUD )

I FXT(NGMAX,NDMZD,
NCCM@D)

I FXE(NGMAX,NDMZD,
NCCM@D)

I FXS({NGMAX,NDM@ZD,
NCCM@D)

I FXP(NGMAX,NDM@D,
NCCM¢D )

I IDZ(M@MENT)

I TLE(3,M@MENT)

M@MENT

number of flux groups for particle type
being run

NGMAX+1

number of response functions for particle
type being run

location of flux group boundaries
location of flux group widths
location of response titles

location of response functions

optional flux moments storage

total number flux

total energy flux

sum of flux squared

flux from current history
indices of flux moments

title of flux moments

total number of optional flux edits
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TABLE C.31

DEFINITION OF VARIABLES STORED IN NAMED COMMON C31

NLEAKS

NDEP#S

I ILR(NLEAKS,NCCMZD)
ILS (NLEAKS ,NCCM@D)
BUL(NLEAKS ,NCCM@D)
PUS (NLEAKS,NCCM@D)
#UP(NLEAKS ,NCCMZD )

DEV(NRMAX,NCCMZD,
NDEPZS )

DES (NRMAX, NCCM@D,
NDEPZS )

DEP (NRMAX ,NCCM@D,
NDEP@ZS )

CUT(NRMAX,NCCM@D,
NDEP#S )

EUT (NRMAX, NCCMZD,
NDEPZS )

WUT (NRMAX , NCCMZD,
NDEPZS )

number

region

of leakage boundaries

energy deposition option (0,1)

index of leakage boundary region

index of leakage boundary surface

energy
energy

energy

energy

energy

energy

‘energy

energy

energy

leakage from boundary
leakage squared for boundary

leakage for current particle

deposition in regions

deposition squared

deposition for current particle

deposition, collision cutoff

deposition, energy cutoff

deposition, weight cutoff
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TABLE C.32

DEFINITION OF VARIABLESSTORED IN NAMED COMMON C32

NUMV@L
NUMT@T

T NUM(NUMREG, NUMVZL)

NUMREG

NCEMAX
T ELC(NCEMAX)

I ETT(NCEMAX,NUMT@T,
NCCM@D*DEPZS )

I ETP(NCEMAX, NUMT@T
NCCM@D*NDEPZS )

I ETS(NCEMAX,NUMT@T
NCCM@D*NDEPZS §

NJISE

I GAU(NCEMAX,NCEMAX,
N@ISE)

I WHM(NGISE)

I WST(NCCM@D)

number of channel detectors

= NUMVOL

indices of regions comprising channel
detector

maximum number of regions per channel
detector

number of channels

channel boundaries (Mev)

channel detector counts

channel detector counts, current particle

channel detector counts squared

number of Gaussian noise functions

Gaussgian transfer function

full widths at half maximum (Mev)

initial total weight of secondary
particles
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TABLE C.33

DEFINITION OF VARIABLES STORED IN NAMED COMMON C33

NCHECK
MCHECK
LCHECK
I NRC(NCHECK)

I NBC(NCHECK)

number of outer region-boundary combinations

maximum number of ray trace errors

count of ray trace errors

indices of outer regions

indices of boundaries of outer regions
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TABLE C.34

DEFINITION OF VARIABLES STORED IN NAMED COMMON C34

NR@GTRA

I IRN(NR@TRA)

I IRX(NR@TRA)

I RZP(3,NR5TRA)\

I RZM(3,3,NRETRA)

total number of rotation-translation
inputs

index of first source to be rotated-
translated

index of last source to be rotated-
translated

translation component of rotation-
translation

rotation component of rotation-translation
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TABLE C.35

DEFINITION OF VARIABLES STORED IN NAMED COMMON C35

NCMAX

NVM@D

I IDV(NVM@D)
NSRMAX

T ISR(NSRMAX)
NBCMAX

I IRB(NBCMAX)
T JRB(NBCMAX)
T KRB(NBCMAX)

NIMAX

NAFMAX

NABMAX

I AFB(4,NABMAX)

NTAMAX

NTM@D

number of order-of-scatter edits

number of birth region edits

indices of birth regions for edits

number of scattering region edits

indices of scattering regions for edits

number of boundary crossing edits

region index for boundary crossing

boundary crossing flag

surface index for boundary crossing

number of angular flux Legendre moment
edits

number of cosines at which Legendre
angular fluxes will be calculated

number of solid angle intervals for
angular flux edits

solid angle interval boundaries

number of times at which the time
dependence will be evaluated

NTMAX+1
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TABLE C.35 (cont'd)

NTBMAX number of time bins

I TBB(NTBMAX) time bin boundaries

NGRAUP number of groups for edit by initial
group

I DUE(NEMAX*NEM@D/2,
NCCM@D ,min(1,

NGRﬁUPS) weight contribution by initial group

I FRQ(NEMAX*NEMZD/2,
NCCM@D ,min( 1,
NGREZUP)) weight contribution by initial group

at collision



TABLE C.36

DEFINITION OF VARIABLES STORED IN NAMED COMMON c36

KINMAX number of skin depth biasing locations
T KIN(KINMAX) region index for skin depth bias

I KIM(KINMAX) surface index for skin depth bias

T SKD(KINMAX) skin depth

T SKI(KINMAX) importance factor
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TABLE C.37

DEFINITIQN OF VARIABLES STORED IN NAMED COMMON C37

LENINT integers per collision tape record

LENGTH reals per collision tape record

MENINT integers per source tape record

MENGTH number of reals per source tape record
MGMAX number of flux groups for primary particle
MRSP location of primary response data

MAXPAR number of biasing parameters for primaries
MALIDE collisions per primary particle

MELW location of primary flux group widths

T KNS(NCCMZD) first non-empty group for primary

particles from tape

I KXS(NCCM@D ) last non-empty group for primary
~particles from tape

I ISS(N@RMLD) shield crossing flags for primaries

I WSS(MEMAX,NCCMﬁD) packet weights for primary particles
from tape

I ESS(MEMAX NCCM@D) packet energies for primary particles
from tape

I TSS(MEMAX,NCCM@ZD) packet times for primary particles

from tape
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TABLE C.37 (cont'd)

I DSS(NéRM%g 5MEMAX,

NCCM shield worth derivatives for primaries

MEMAX number of primary particle energy groups



TABLE C.38

DEFINITION OF VARIABLES STORED IN NAMED COMMON C38

DFN(NPRMLD+1,MGMAX ,
N@RCEM*NDMUD ) detector dose derivatives, present particle

ISN(NZRMLD) shield dependence, source packet
ICN(NﬂRMLD) shield dependence,collision packet
DWS ( NRMLD , NEMAX,

NCCMgD shield derivatives for source packet
DWC (NGRMLD , NEMAX ,

NCCMZD shield derivatives for collision packet
WGJ (NGRMLD) shield weights
WGD(N@GRMLD ) shield weight derivatives
DFS(NGRMLD+1,MGMAX,

N@RCEM ) detector dose derivatives, primary

' particle

DS (NBRCEM, 2) dose by component and particle type

DD@(NPRMLD, NGRCEM,2) dose derivative by shield, component,
and particle

DDT(NZRMLD ) dose derivatives
QAL(N@ZRMLD ) dose/weight derivatives
IPN(N@RMLD) tally shield dependence



TABLE C.39
DEFINITION Ol' VARIABLES STORED IN NAMED COMMON C39

MVALTS time steps in the internal EMP
calculation

MAXWEL iterations in the solution of Poisson's
equation

MIN@RS number of small time steps per time
step

T XXB(3,NSTMAX,MVOLTS) coordinates of particle at a region
boundary

I CCB(3,NSTMAX,MV@LTS) direction of particle at a region
boundary

I BVW(NSTMAX,MVPLTS) weight of particle at a boundary
I BVE(NSTMAX,MVOLTS ) energy of particle at a boundary
I BVT(NSTMAX,MVOLTS) time of particle at a boundary

I JGB(NSTMAX,MV@LTS)  group of particle at a boundary



TABLE C.40

DEFINITION OF VARIABLES STORED IN NAMED COMMON C40

random number iteration counter

C-50



TABLE C.41

DEFINITION OF VARIABLES STORED IN NAMED COMMON C41

T(NTMZD )

flight time raised to powers

P(max(2,NLMAX )NRDER) evaluated Legendre polynomials

AN(NTM@ZD)

BN(NTM@D)

CN(NTMZD )

DN(NTMED )

ATITI(2%NTMOD)

BJI(NTM@D, NTMZD )

CJI({NTMZD,NTM@D )

XIN(NTM@D)
FLX (NTAMAX)

PAG(8,NFMAX)

EMD( NFMAX , NDMZD )

temporary storage of transformed time

moments

temporary storage of transformed time
moments

temporary storage of trunsformed time
moments

temporary storage of transformed time
moments

factorials

inverted coefficient matrix for time
moments

original coefficient matrix for time
moments

temporary storage of time moments
time dependence output array

output array for responses

sum of response squared for variance
calculation
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TABLE C.41 (cont'd)
TDC(NTMﬁD,NGMAX) time dependence polynomial coefficients

AE(NGMAX) upper boundary coefficient for flux
group interpolation

BE (NGMAX ) lower boundary coefficient

TDA ( NGMAX ) time dependence exponential slopes
ERR (NGMAX ) variance by flux group

PFE(NGMAX) average energies for plots
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TABLE C.42

DEFINITION OF VARIABLES STORED IN NAMED COMMON C42

NZERG index of region containing the preferred
point

JZER¢ average source energy group index

JMIN =1

JMAX >0 if any packets have non-zero weights

JBAR average energy group index

IIIT point detector index

KKKK collision index

M@N index of source in optional edit request

INSR index of scattering region in optional

edit request

NTALLY number of significant flux contributions
from current collision

LLREG index of the source from which the
particle started

NN index of the region in which the particle
is located

NNNN index on primary collision which generated
a secondary

MMMM dummy variable
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TABLE C.42 (cont'd)

ITIDET detector index for tallying
NNC index of region in which the particle
collides
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TABLE C.43

DEFINITION OF VARIABLES STORED IN NAMED COMMON C43

RADIUS
XCT(3)
ATA
ATB
ATC
ATD

STZERG

PHIMIN

ATX

RAZ(3,3)

radivs of pseudo sphericél source (cm) A
center of pseudo spherical source (cm)
cogine selection parameter

azimuthal angle selection parameter
distance selection parameter

fractional weight cutoff

distance from preferred point to center
of pseudo spherical source

l-cosine of angle subtended by pseudo
spherical source

cosine selection parameter

rotation matrix from coordinate system
used in sampling pseudo spherical source



TABLE C..44

DEFINITION OF VARIABLES STORED IN NAMED COMMON Chi

DELTA

BDC(3)

AT

BT

AS

BS

CUTANG

radius of sphere containing the preferred
point (cm)

preferred point coordinate (cm)

distance to collision selection parameter,
from particle position

distance to collision selection parameter,
from preferred point

scattered direction selection parameter,
towards preferred point '

scattered direction selection parameter,
in original direction

cosine of small angle-large angle
division



TABLE C.45

DEFINITION OF VARIABLES STORED IN NAMED COMMON Ci45

DIM radius of "short circuit" sphere
CPR(3) center of "short circuit" sphere
PTH(4) minimum probabilities for backwards

gselection of scattering point



- TABLE C.46
DEFINITION OF VARIABLES STORED IN NAMED COMMON C46

xXQ(9) coordinates of particle set aside for
future elimina-
cQ(9) direction cosines of tion of arguments
particle from the ray
cxQ(9) tracing call
sequence



TABLE C.47

DEFINITION OF VARIABLES STORED IN NAMED COMMON CA47

DPDFDA

DPDFDB

PS@RS

PDFCPL

C@SDET

V@LDET

TETALN

TPTALE

SNARM
XC(3)

cc(3)

CAB(3)

cOP(3)

partial derivative of importance functions,
this pass

partial derivative of importance functions,

last pass

'value.of fixed source pdf

value of pdf used in selecting collision
point

cosine of angle at which particle
crosses detector

scale factor for all detector tallies

total weighted number flux tallied at
detector

total weighted energy flux tallied at
detector

1.0
coordinates of particle at collision
direction of particle at collision

direction cosines of detector fixed
direction

cosines of the particle as it crosses
the detector
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TABLE C.47 (cont'd)

BUILDN weighted sum of number flux tallied
at detector



TABLE C.48

DEFINITION OF VARIABLES STORED IN NAMED COMMON C48

NSTMAX

I NRG(NSTMAX)
I NSC(NSTMAX)
I NRP(NSTMAX)
I NSP(NSTMAY.)

I ST(NSTMAX)

I STP(NSTMAX)

NSTLIM

I RMU(NSTMAX)

I AME(NSTMAX)

I DNM(NSTMAX )

I DNP(NSTMAX)

maximum number of regions which can
be traversed by a ray

indices of regions traversed

indices of surfaces crossed

alternate array for regions traversed
alternate array for surfaces crossed

partial path lengths in the regions
traversed

alternate array for partial path lengths

total number of regions traversed by
a ray

distance to preferred point from ray
boundary crossing

cosine of angle to preferred point from
ray boundary crossing

derivative of collision pdf with respect
to left boundary

derivative of collision pdf with respect
to right boundary
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TABLE C.49

DEFINITION OF VARIABLES STORES IN NAMED COMMON CL9

NORMLD

NZRCOM

IPRESP

ISRESP

ITERMX
ITPRIN

I DRC(NDMAX)

I IGS(NARMID)

ImNmMm)
I TIN(NORMLD)
I TMN(N@RMID)
-~I TMX(N@RMLD)
I RIN(NZRMID)

I RSH(N@RMLD)

number of shields

number of flux components seeing different
shield combinatios

index of response for shield optimization
of last particle type

index of response for shield optimization
of first (if any) particle type

maximum lterations in shield optimization
iterations per print in shield optimization
dose rate constraint by detector

shield geometry

effect of shield on adjacent shield

initial thickness of shield

minimum thickness of shield

maximum thickness of shield

inner radius of shield

shield welght coefficient except geometry
factor

c-62



TABLE C.49 (cont'd)

DWX ( NORMLD ) maximum shield weight increment per
iteration

INR(NZRMLD) region index of shield

INS (N@RMLD) surface index of shield

IDN(NZRMLD ) not used

TVL(N@RMLD ) current shield thickness



TABLE C.50

DEFINITION OF VARIABLES STORED IN NAMED COMMON (C50

NOBIAS

NAXPAR

T DDB(NFMAX

NAXPAR,
NDMUD)

I DSB(NFMAX

NAXPAR,
NDMUD )

I SDB(NAXPAR)

I DPB(NFMAX

NAXPAR,
NDMUD )

(0,1)=(no,yes) calculate variance derivatives

with respect to importance parameters

total number of importance parameters

parameter derivatives, sum

parameter derivatives, weighted sum

parameter derivatives

parameter derivatives,current packet



PSIT

RHZ

RHH

PDS

MTL

JDEN

LCC
JWS
JES
JTS

JDWS

JWC
JEC

JTC

JDWC

TABLE C.51

DEFINITION OF VARIABLES STORED IN NAMED COMMON C51

cosine of scattering angle

density scale factor for scattering

region

hydrogen density for scattering region

pdf scale factor

mixture number for scattering regiom

material number for scattering region

location of electron density for

scattering region

dummy variable

location of
location of
location of

location of
derivatives

location of
location of

location of

location of
derivatives

C-65

source packet weights

source packet energies

source packet times

source packet shield

collision

collision

collision

collision

packet

packet

packet

packet

weights

energies

times

shielq@d



TABLE C.51 (cont'd)

KMIN first non empty collision group

KMAX last non empty collision group

JMINB first non empty primary particle group

JMAXB last non empty primary particle group

JWSS primary particle packet weight

fiESS primary particle packet energies

JTSS primary particlg packet times

JDSS primaryfégfégéiéisgcket shield
derivaﬁivésl*ﬁ: B



TABLE C.52

DEFINITION OF VARIABLES STORED IN NAMED COMMON C52

NQUICK
I IQU(NQUICK)
I JQU(NQUICK)
I XQU(MAXP)

I YQU(MAXP)

I KWI(95)

number of quick plots

quick plot primary identifier
quick plot secondary identifier
abscissa of quick plot

ordinate of quick plot

storage for quick plot output line



TABLE C.53
DEFINITION OF VARIABLES STORED IN NAMED COMMON 053

M@DELC 0, normal biasing
1, altered biasing for neutron capture

I CAP(NRMAX) capture biasing probability
I ELR(NEEM@D, NMMAX ) residual electron range
IAD1 source index modifier
TAD?2 surface index modifier
IADS region index modifier
IAD4 detector index modifier
IADS composition index modifier

C-6E
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Appendix D

PROGRAM LOGIC

The functions performed by the program are divided into three
categories; data input and preparation, particle tracking,
and output of results. These operations are controlled by
the main program as shown schematically in Figure D.1.

The data input and preparation operations are controlled by
subroutine DEFINE. The basic flow of this subroutine is
shown in Figure D.2. This subroutine controls all the input
functions described in Appendix A.

The particle tracking may be controlled by one of two sub-
routines. Subroutine S@BER controls the tracking if the same
particle histories are used to calculate point, surface and
volume detector fluxes. The flow of this subroutine is shown
in Figure D.3. Alternatively, if particle histories are
generated specifically for a particular point detector, the
particle tracking is controlled by subroutine SPLVER as
sketched in Figure D.4,

The output of calculated fluxes is controlled by subroutine
ANSWER. The output process is not complicated by any logical
decisions worthy of a flow diagram.

The remainder of this appendix is devoted to a brief des-
cription of the subprograms. Since each subprogram performs
a very gpecific task, the definitions of the named common

variables in conjunction with the subprogram function should
be sufficient for anyone capable of modifying the program to do
so.



'FIGURE D.1
BASIC PROGRAM LOGIC
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FIGURE D.2
DATA INPUT LOGIC
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FIGURE D.3
PARTICLE TRACKING FOR MULTIPLE DETECTORS
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FIGURE D.4

PARTICLE TRACKING FOR INDIVIDUAL POINT DETECTORS
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A tabulation of each subpfogr-am along with a brief description,
is presented in Table D.1l.
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Subprogram

MAIN

INTZ

ZMIN1
AMAX1

ZBS

ZQRT
ZXP

718G

ZTAN?
7ZIN
78S

VECT@R

TABLE D.1
SUBPROGRAMS
Function
Provides the calling sequence to the
subprograms which control the input,

particle tracking and output of results.

Calculates the largest integer < the
absolute value of the argument.

Calculates the minimum of two arguments.
Calculates the maximum of two arguments.

Calculates the absolute value of an
argument.

Computes the square root of the argument.
Exponentiates the argument (base e).

Computes the natural logarithm of the
argument.

Calculates the arctangent of the arguments.
Computes the sine of the argument.
Calculates the cosine of the argument.

Calculates the distance and direction
between two points.
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RPTATC Calculates the sine and cosine of two
rotation angles given the direction
cosines.

R@PTATE Calculates the direction vector rotation
matrix given the sines and cosines of
the rotation angles.

CENTER Controls the rotation-translation of
source coordinates.

RPTATX Performs the rotation-translation of
source coordinates.

C@SINE Computes the cosine of the angle between
two direction vectors.

RANNG Generates pseudo random numbers uniformly
distributed on the open interval (0,1).

SAMPLE Selects points at random from a truncated
exponential distribution.

LABEL ' Counts printout lines and inserts printout
headings at the top of each page.

DUMPIT Printes the elements of variable-dimensioned
arrays and named common blocks as requested
by input data.

KOMMEN Controls the initialization, input
and output of named common blocks.

INTCAM Performs the initialization, input and
output of named common blocks.
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LGCATE

HELIX

DEFINE

INDEX

ICHECK
JCHECK
KCHECK
READH
READA
READIT

READIS

READE

READEE

READIE

Calculates the index of the region in
which a particle is located.

Calculates quantities related to helical
and toroidal surfaces.

Controls the input and data preparation
phases of a problem.

Allocates storage for variable-dimensioned
arrays.

Checks order of ordered arrays.

Checks index against permissible range.
Checks input-section input order.
Inputs H format data (header card).
Inputs A format (24A3) hollerith data.
Inputs I format (24I3) integer data.

Inputs IS format (12(2I3)) indices and
integer data.

Inputs E format (8E9.0) decimal data.

Inputs EE format (4(2E9.0)) logical
pair decimal data.

Inputs IE format (6(I3,E9.0)) logical
pair integer-decimal data.
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READES Inputs ES format (6(I3,E9.0)) indices
and decimal data.

READS Inputs S format (3I3,7E9.0) integer and
decimal data.

READR Inputs R format (12I3,4E9.0) integer and
decimal data.

READF Inputs F format (6(I2,A1,E9.0)) DTF-IV
cross section data.

READL Inputs L format (l4X,6E10.0) LRL photon
cross section data.

READIT Inputs all data cards in a variable
‘ field length format

TARRAY Allocates storage for input arrays.
ARRAY Inputs elements of a specified array.
INSECT ' Inputs materials compositions and

controls microscopic cross section inputs.
MULTIX Forms macroscopic cross sections from
microscopic multigroup neutron cross
sections.
MATRIX Inputs multigroup neutron cross sections.
GAMMAX Inputs photon cross sections and calculates

macroscopic cross sections.
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BASICX

SL@WER

SZERf

GE@MIN

RESULT

REXTRA

RANDZM

RLIMIT
RARRAY

D@WN

REGI@N

ASKF@R

BIASIT

Inputs and prepares point value neutron

cross sections.

Inputs and prepares electron cross
sections.

Controls the input and normalization
of the spatial, angular, and energy

distributions of the source distributions.

Inputs both simple geometries and the
more general surface-region descriptions.

Controls the input of detectors and output
requests.

Inputs optional output requests.

Inputs biasing options and biasing
parameters.

Sets limits used during particle tracking.
Allocates storage for run arrays.

Calculates coefficients for neutron
slowing down model.

Checks the input geometry

Sets up data for flux output.

Sets the values of all biasing options
and parameters not input.
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S@LVER Controls the generation and tracking of
particle histories for individual point

detectors.

S@BER Controls the generation and tracking of
particles for point, surface and volume
detectors.

DYSES Calculates the sums of the mean square

responses at each detector from each
particle. Writes collision records

on tape.

LINEAR Controls the calculation of surface-and
volume-averaged fluxes along a particle
path.

SPURCE Controls the calculation of particle

weights from the independent source,
from scattering events, and from secondary
interactions.

SINPUT Calculates packet weights from input
sources.

CAPTUR Calculates secondary gamma ray weights.

CZMPTN Calculates secondary electron weights

BREMSS Calculates secondary bremsstrahlung
welights

SCATTR Performs the calculation of scattered

particle weights from pre-collision
weights using multigroup cross sections.

D-12



PHAT@N

NEUTRN

BETAS

THERML

UNITRA

PATH

NORMAL

KERNEL

AHEAD

DETECT

GREUP

Performs the calculation of scattered
photon weights from the pre-collision
weights.

Calculates scattered neutron weights
using point value cross sections.

Calculates scattered electron weights.

Calculates slow neutron weights using
approximate slowing down model.

Calculates scattered components of
shield derivative worth, etc.

Calculates the partial path lengths
from an initial position along a specified
direction up to a maximum total distance.

Calculates the surface normal at a specified
point on a surface.

Calculates the particle attenuation along
the particle path and generates the
pre-collision particle weights.

Calculates the electron attenuation and
gslowing down along segments of the particle
path.

Performs all the tallies of particle
fluxes for all the detector types.

Calculates the group index to be used
in the biased selection of scattering
points and direction for all the particles.
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SPHERE

PSTAR

QSTAR

USTAR

VSTAR

ANSWER

DEPJS

FLUXES

Selects the initial particle position
from the fixed sources in a spherical
coordinate system centered at a preferred
point.

Selects the initial particle position
by first selecting the source and then
selecting the spatial coordinates in
the source coordinate system.

Selects the initial particle direction
in the coordinate system for the
originating source.

Selects the distance to collision from
the exponential transformation or from
a curve fit of an approximation to the
optimal distribution for collision points.

Selects the initial or scattered particle
direction in a rotated coordinate system
which forces particles both in their
pre-collision direction and in the direction
of the preferred point.

Controls the output of fluxes and other
quantities for all of the detectors.

Outputs energy deposition by region,
energy leakage, and channel detector
tallies

Outputs basic flux quantities amd optional
edits. '



PLJTNE

TIMER
DERIVE

JPTIMA

TEMPER

V@LTS

P@TENT

LYPKC

QUICKP

Generates plotted and/or punched output.

Calculates time-dependent fluxes from
time moments.

Outputs flux components and derivatives
with respect to surface normals.

A

Adjusts shield dimensions to give the
minimum weight shield which meets a
specifiied dose contraint.

Controls the time-dependent tracking of
electrons for internal EMP calculations.

Controls the finite difference solution
of Maxwell's equations for the scalar

and vector potentials.

Solves Maxwell's equation by iterative
finite difference techniques.

Controls output of most quick plots.

Prints quick plot output.
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Appendix E

MACHINE CONSIDERATIONS
This appendix outlines the differences in the program source
deck when used on the IBM 7090, IBM 360, UNIVAC 1108 and

CDC 6600 series computers.

1. General Considerations

BLANK C@MM@N SIZE

It may be necessary on various computeprs to increase or de-
crease the size of blank common. The necessary changes are
made in the main program and consist of changing two Fortran
statements. To change the size to N locations, the following
cards should be substituted.

DIMENSI@N LA(N)
NST@RE = N

D@UBLE PRECISI@N

The program can be converted to double precision in a routine
manner on the IBM 360 and UNIVAC 1108 computers by use of

the following implicit statement in the main program and each
gubprogram

IMPLICIT REAL*8(A-H,@-2)

In addition, the single precision function calls in subprograms
INTZ, ZMIN1, ZMAX1, ZBS, ZQRT, ZXP, ZLZG, ZTAN2, ZIN, and 2z@S
should be changed to their double precision equivalents.
Finally, one Fortran statement in the main program must be
changed to read

IBMCDC = 5
E-1



PRINTQUT
The number of printout lines per page can be changed for
different paper sizes by altering one card in the main program
to read

LINEX = L

where I, is the desired maximum line count.

INPUT AND @UTPUT UNITS

The logical designation of the input unit can be changed from
5 to I by substituting the following card in the main program

Ml=TI
where I denotes the desired logical designation. Similarly,
the logical designationaf the output tape can be changed
from 6 to J by substituting the following card in the main
program

M2=J

EBCDIC DATA C@MPATIBILITY

There is a DATA statement in subroutine READIT which allows
the program to interpret both BCD and EBCDIC data cards. Some
compilers will not accept this statement, and the following
change (BCD) should be made:

12
replace DATA JEBCDP/ng/ by DATA JEBCDP/1H+/



CALC@MP PL@TTING

The program interfaces with the Calcomp plot package through
four entry points PL@T, PL@GTS, SYMBPL, and NUMBER. If plotting
is required, the dummy subprograms with these names should be
removed. The plot output is generated on logical unit 10.

If a different unit, I, is used at a particular installation
?he following card should be changed in the main program

M9=T

2. Program Segmentation

Segmentation of the program permits the execution of much larger
problems since the size of blank common can be adjusted to its
maximum. The maximum degree of segmentation for efficient
operation 1is shown in Figure E.l1 and the various subprograms
included in each segment (link, overlay) are listed in Table E.1.
This degree of segmentation (if any) is not used on all computer
systems.

3. IBM 360 @S Control Cards

The program should use overlays on the 360 to minimize storage
requirements for the object deck. The maximum level of over-
laying is not required, however. For some problems it is beat
to use the double precision conversion described above. The
necessary control cards for a compile and execute are given

in Table E.2,.

4, IBM 7090 Control Cards

The program will run problems on a 7094 with a direct couple
operating system. The maximum amount of overlaying is used.
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FIGURE E.1

OVERLAY STRUCTURE

INCREASING CORE LOCATION ——————3p=

ALPHA BETA GAMMA DELTA
LINKOO | LINKOL LINKO2 LINKO3 LINKOU |ZETA
LINKOS LINKO6
LINKO7
LINKO8
LINKO9
LINK10
LINK11
LINK12
LINK13
LINKLA4
LINK15
LINK16
LINK17
LINK18
LINK19
LINK20 ETA
LINK21 LINK22
LINK23
LINK24
LINK25
LINK26
LINK27 THETA
LINK28 LINK2G
LINK30
LINK31
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TABLE E.1

OVERLAY DEFINITION

Segment Subprogram IBM Deck Name
LINKOO MAIN MAIN
INTZ INTL
ZBS ZBSL
ZQRT ZQRL
ZXP ZXPL
ZLAG ZLZL
ZIN ZINL
Z@S Z@SL
ZMINL ZMIL
ZMAX 1 ZMAL
ZTAN2 ZTAL
LABEL LABE
DUMPIT DUML
KZVMMEN K@MM
INTC@M INTC
C@SINE C@SI
VECTZR VECT
RATATE RPTA
RPTATC R@TC
CENTER CENT
RPTATX R@ATX
L@CATE L@CA
HELIX HELI
SAMPLE SAMP
RANN@ RANN
PLPTS PLZM
PL@T PL@N
SYMB@L SYMB
NUMBER NUMB
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TABLE E.1 (Cont'd)

Segment Subpr‘ogr-ém IBM Deck Name
LINKOL DEFINE DEFI
LINKO2 INDEX INDE
" ICHECK ICHE
JCHECK JCHE
KCHECK KCHE
LINKO3 READIT READ
READH _ HREA
READA AREA
READI : IREA
READII TIIRE
READIS ISRE
READE EREA
READEE EERE
READIE IERE
READES ESRE
READS SREA
READR RREA
READF FREA
READL LREA
TARRAY IARR
LINKO4 ARRAY ARRA
LINKO5 INSECT INSE
LINKO6 MULTIX MULT
MATRIX MATR
LINKOT ‘ GAMMAX GAMM
LINKO8 BASICX BASIT
LINKO9 SLZWER SL@W
LINK10 SZER@ | SZER
LINK1l GE@MIN ~ GEgM
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TABLE E.1 (Cont'd)

Segment Subprogram IBM Deck Name
LINK12 RESULT RESU
REXTRA REXT
LINK13 RANDZM RAND
LINK14 RLIMIT RLIM
LINK15 RARRAY RARR
LINKL6 D@WN D@WL
LINKL7 REGIZN REGI
LINK18 ASKF@R ASKF
LINK19 BIASIT BIAS
LINK20 V@LTS V@LT
P@TENT P@TE
LINK21 ANSWER ANSW
' L@gKC L@gK
QUICKP QUIC
LINK22 DEP@S DEPg
LINK23 FLUXES FLUX
LINK24 PLJTNE PLZL
LINK25 DERIVE DERI
LINK26 TIMER TIME
LINK27 @PTIMA @PTT
LINK28 S@PURCE _ S@UR
SINPUT SINP
CAPTUR CAPT
BREMSS BREM
C#MPTN CPVP
PHETEN PH@T
SCATTR’ SCAT
NEUTRN NEUT
BETAS BETA
THERML THER
UNITRA UNIT
PATH PATL
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TABLE E.1 (Cont'd)

Segment Subprogram IBM Deck Name
NZRMAL N@RM
KERNEL KERN
AHEAD AHEA
DETECT DETE
D@SES D@SE
GRGUP GR@U
SPHERE SPHE
PSTAR PSTA
QSTAR QSTA
USTAR USTA
VSTAR VSTA
LINK29 TEMPER TEMP
LINK30 SPLVER SPLV
LINK31 S@BER S@BE
LINEAR LINE
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TABLE E.Z2

IBM SYSTEM 360/0PERATING SYSTEM CONTROL CARDS

JOR=ACCOUNTING CARD
// EXEC ZFORTG,PARMzpCr (OMIT PARM=BCD IF pECK IS IN EBCDIC)
/7/FORT,SYSIN DD =
SOURCE DECK FOR THE MAIN PROGRAM ANp ALL SUBPROGRAMS

Ve
// FXEC ZLINKFRT,PARM,LKEDT='LIST»MAP,0QVLY,LET,SIZE(200Ks»100K) *,
// COND ,GO0=(8,LT)
//LKEDT.SYSIN DD =

IMSERT MAIN,INTZyZRS,ZORT+2XP,2L0G,ZIN,Zz0S»ZMINL»ZMAX19»ZTAN2,LABEL

INSERT DUMPIT,)KOMMON, INTCOM,COSINE)VECToR,ROTATEROTATC)CENTER,ROTATX

IMSERT LOCATE »HELIX)»SAMPLE,RANNO,PLOTS,pLOT»NUMBER,SYMBOL

OVERLAY ALPHA

INSERT DEFINE

OVERLAY BETA

IMSERT INDEX, ICHECK,JCHECK ,KCHECK

AVERLAY GAMMA

IMNSERT READIT)REACH)READAIPEADIWREADII,RFADIS,READE,READEE,READIE

INSERT READES/)READSREADRIREADFIREADL» IARRAY

CVERLAY DELTA

INSERT AFRRAY

OVERILAY LELTR

INSERT ILSECT

OVERLAY ZETA

INSEPT MULTIY,MATRIX

OVEFLAY ZETA

INSERT GAMMAX

OVERLAY ZETA

INSERT BASICX

QVEKRLAY ZETA

IMSERT SLOWER

OVERLAY DELTA

INSEPT SZERC

OVERLAY [ELTA

INSERT GEOMIM

OVERL.AY [ELTA

INSERT RESULT/REYTPA

OVERLAY [ELTA

INSERT RANDOM

OVERLAY GAMMA

INSERT RLIMIT

OVERLAY CGAMMA

INSERT RARRAY

OVERLAY EETA

INSERT DOwM

CVERLAY EETA

TNSEPT REGICH:

CVERLAY RETA

IMSERT ASKFOR

OVERLAY FETA

INSERT BIASIT



TABLE E.2 (Cont'd)

e ——— - N - I - U

OVERLAY ALPHA ‘ .
INSERT VOLTS,POTENT _ R
OVERLAY ALPHA ‘ - .
INSERT ANswzn.Looxc.ouchP

OVERLAY ETA . . ., B
INSERT DEPOS ”
OVERLAY ETA S .

INSERT FLUXES
OVERLAY ETA
INSERT PLOTNE
OVERLAY ETA
INSERT DERIVE
OVERLAY ETA
INSERT TIMER
OVERLAY ETA
INSERT OPTIMA
OVERLAY ALPHA

INSERT SOURCE,SINPUT,CAPTUR)BREMSS)COMPTN,PHOTON,SCATTR,NEUTRN,BETAS
INSERT THERML,UNITRA,PATHsNORMAL »KERNEL , AHEAD.DETECTODOSES.GROUP
INSERT SPHEREoPSTARoQSTARrUSTAR'VSTAR
OVERLAY THETA
INSERT TEMPER
OVERLAY THETA
INSERT SOLVER
OVERLAY THETA
INSERT SOBER,LINEAR
ENTRY MAIN

/%

/7/GO0,SYSIN DD =%

DATA DECKS

V4, . . o
// ’ . .. ST - S e e - e

. ,;,:, - ;;:: .
- . SR
— ) E"lo i




For some installations, it may be necessary to include a unit
routine. The control cards for this computer are given in
Table E.3.

5. UNIVAC 1108 Control Cards

The program is run on the 1108 in single precision. The
control cards for a compile and execute run under the EXEC-2
operating system are given in Table E.4. The control cards
for EXEC-8 are given in Table E.5.

6. Control Data 6600 Control Cards

The program is normally run in single precision on the 6600.
The control cards for running without overlays are shown in
Table E.6. Overlaying on the 6600 would require several
minor source program changes.
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« PACE sLANE TABLE E.3
™ IBM 7090 CONTROL CARDS
$J0B=ACCOUNTING CARD
$1BSYS 18J0B
$18J0B 6O, MAP + SOURCE  F10CS

$IBFTC MAIN  DECK
SOURCE DECK FOR MAIN PROGRAM
$IBFTC INTL  DECK
SOURCE DECK FOR SUBPROGRAM INTZ, ETC,
$IBFTC 2BSL  DECK
$IBFTC ZQRL  DECK
$IBFTC 2xPL  DECK
$IBFTC 2L0L  DECK
$IBFTC ZINL  DECK
sIBFTC z0SL  DECK
$IBFTC zMIL  DECK
$IBFTC ZMAL  DECK
$IBFTC 2TAL  DECK
$IBFTC LABE  DECK
sIBFTC DUML  DECK
sIBFTC KOMM  DECK
$IBFTC INTC  DECK
$IBFTC COSI DECK
$IBFTC VECT  DECK
sIBFTC ROTA  DECK
$IBFTC ROTC  DECK
sIBFTC CENT  DECK
$IBFTC ROTX  DECK
$IBFTC LOCA  DECK
$IBFTC HELI DECK
$IBFTC RANN  DECK
$IBFTC SAMP  DECK
$IBFTC PLOM  DECK
$IBFTC PLON  DECK
$IBFTC SYMB  DECK
$IBFTC NUMB  DECK

$ORIGIN ALPHA
$IBFTC DEFI DECK
$ORIGIN BETA

sIBFTC INDE DECK
$IBFTC ICHE DECK
sIBFTC JUCHE DECK
$IBFTC KCHE DECK
$ORIGIN 6AMMA
¢IBFTC READ DECK
sIBFTC HREA DECK
$IBFTC AREA DECK
sIBFTC IREA DECK
sIBFTC IIRE DECK
sIBFTC ISRE DECK
sIBFTC EREA DECK
sIBFTC EERE DECK

E-13



$IBFTC IERE
sIBFTC ESRE
sIBFTC SREA
$IBFTC RREA
$IBFTC FREA
$IBFTC LREA
sIBFTC IARR
SORIGIN
$IBFTC ARRA
SORIGIN
sIBFTC INSE
SORIGIN
$IBFTC MULT
$IBFTC MATR
SORIGIN
$IBFTC GAMM
$ORIGIN
$IBFTC BASI
SORIGIN
$IBFTC SLOW
$ORIGIN
$IBFTC SZER
SORIGIN
$IBFTC GEOM
SORIGIN
$IBFTC RESU
$1BFTC REXT
SORIGIN
$IBFTC RAND
$ORIGIN
$IBFTC RLIM
SORIGIN

$IBFTC RARR

SORIGIN
sIBFTC DowL
$ORIGIN
$IBFTC REGI
sORIGIN
$IBFTC ASKF
$ORIGIN
$IBFTC BIAS
sORIGIN
sIBFTC voLY
$IBFTC POTE
$ORIGIN
$IBFTC ANSW
$IBFTC LOOK
sIBFTC QuIC
sORIGIN
sIBFTC DEPO

DECK
DECK
DECK
DECK
DECK
DECK
DECK
DELTA
DECK
DELTA
DECK
ZETA
DECK
DECK
ZETA
DECK
ZETA
DECK
ZETA
DECK
DELTA
DECK
DELTA
DECK
DELTA
DECK
DECK
DELTA
DECK
GAMMA
DECK
GAMMA
DECK
BETA
DECK
BETA
DECK
BETA
DECK
BETA
DECK
ALPHA
DECK
DECK
ALPHA
DECK
DECK
DECK
ETA
DECK

TABLE E.3 (Cont'd)
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$ORIGIN
$IBFTC FLUX
$ORIGIN
$IBFTC PLOL
$ORIGIN
$IBFTC DERI
$ORIGIN
sIBFTC TIME
$ORIGIN
sIBFTC OPTI
$ORIGIN
$IBFTC SQUR
$IBFTC SINP
$IBFTC CAPT
sIBFTC BREM
$IBFTC COMP
$IBFTC PHOT
$IBFTC SCAT
$IBFTC NEUT
sIBFTC BETA
sIBFTC THER
$IBFTC UNIT
$IBFTC PATL
$IBFTC NORM
sIBFTC KERN
$IBFTC AHEA
$IBFTC DETE
$IBFTC DOSE
$IBFTC GROU
$IBFTC SPHE
sIBFTC PSTA
sIBFTC QSTA
$IBFTC USTA
$IBFTC VSTA
$ORIGIN
$IBFTC TEMP
$ORIGIN
$IBFTC SoLv
$ORIGIN
$]BFTC SOBE
sIBFTC LINE
$DATA

DATA DECK

ETA
DECK
ETA
DECK
ETA
DECK
ETA
DECK
ETA
DECK
ALPHA
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
THETA
DECK
THETA
DECK
THETA
DECK
DECK

TABLE E.3 (Cont'd)
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TABLE E.4  pRECEDING PAGE BLANK NOT FILMED
UNIVAC 1108, EXEC-2 CONTROL CARDS

WJOB=ACCOUNTING CARD

R FOR MAIN,MAIN :
SOURCE DECK FOR MAIN PROGRAM

@I FOR INTZ,INTZ
SOURCE DECK FOR SUBPROGRAM INTZ

21 FOR LINEAR,LINEAR
SOURCE DECK FOR SUBPROGRAM LINEAR
@ MAP PROGRM
SEG MAIN=INTZ=LAREL=DUMPIT=KOMMON=INTCcOM=COSINE=VECTOR=ROTATE= b
ROTATC=RANNO=ZRS=ZQRT=ZXP=2L0G=ZIN=Z20S.ZMIN1=2ZMAX1=ZTAN2=CENTER= i
ROTATX=LOCATE=HELIX=SAMPLE=% (DEFINE=x% ( JNDEX=ICHECK=JCHECK=KCHECK=x* (}
READIT=READH=READA=READI=READII=READIS.READE=READEE=READIE=-READES~ }
READS=READR=READF=READL~IARRAY=% (ARRAY, INSECT=% (MULTIX=MATRIX, }
GAMMAX yBASTCX,SLOWER) ¢ SZERO,, GEOMIN,RESULT=REXTRA»RANDOM) yRLIMIT, i
RAPRAY) s DOWN,)REGIONyASKFORyBIASIT) o VOL TS=POTENT » ANSWER=LOOKC= ’
QUICKP=%(DEPOS»FLUXES)PLOTNE,,DERIVE» TIMERsOPTIMA) , SOURCE=SINPUT- ’
CAPTUR=BREMSS=COMPTN=PHOTON=SCATTR=NEUTRN=BETAS=THERML=UNITRA=PATH=}
NORMAL~KERNEL=AHEAD=DETECT=DOSES=GROUP-SPHERE=PSTAR=QSTAR=STAR= ’
VSTAR=* (TEMPER/» SOLVERy SOBER=LINEAR))
" XQT PROGRM
DATA DECK

. E=17



TABLE E.5 ,0rCEDING PAGE BLANK NOT FILMED
UNIVAC 1108, EXEC-8 CONTROL CARDS

RJOB=ACCOUNTING CARD
RFREE TPFS$
RASG,T TPFs$y///2000
PFORy IS MAIN,MAIN
SOURCE DECK FOR MAIN PROGRAM
RFOR, IS INTZ,INT2
SOURCE DECK FOR SUBPROGRAM INTZ2

¢
RFOR, IS LINEAR,LINEAR
SOURCE DECK FOR SUBPROGRAM LINEAp
AMAP,I RUNIT
SEG LINKOOx»
IN MAIN,)INTZ,2BS¢»ZQRTsZXPy2L0G,2ZINyZ0S,ZMINL»ZMAX1»ZTAN2,LABEL ,DUMPIT
IN KOMMON, INTCOM, COSINE)VECTOR,ROTATE+ROTATC)CENTER/ROTATXLOCATE »HELIX
IN SAMPLE)RANNO,PLOTS,PLOT,NUMBER,»SYMBOL
SEG LINKO1xy (LINKOO)
IN DEFINE
SEG LINKO2x, (LINKO1)
IN INDEX,ICHECK»JCHECK,KCHECK
SEG LINKO3x%x, (LINKO2)
IN READIT)READH,READAREADIVREADII,)READIS,READE )READEE,READIE)READES
IN READS,READR,READF»READL » IARRAY
SEG LINKO4*, (LINKO3)
IN ARRAY
SEG LINKOS*, (LINKO3)
IN INSECT
SEG LINKO6%, (LINKOS)
IN MULTIX,MATRIX
SEG LINKO7%, (LINKOS)
IN GAMMAX
SEG LINKOB8*/, (LINKOS)
IN BASICX
SEG LINKQ9x%x, (LINKOS)
IN SLOWER
SEG LINK10%, (LINKO3)
IN SZERO
SEG LINK11x, (LINKO3)
IN GEOMIN
SEG LINK12x%, (LINKO3)
IN RESULT)REXTRA
SEG LINK13%, (LINKO3)
IN RANDOM
SEG LINKi4x, (LINKO2)
IN RLIMIT
SEG LINK1S%x, (LINKO2)
IN RARRAY
SEG LINK16x%, (LINKO1)
IN DOWN
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TABLE E.5 (Cont'd)

SEG LINK17#, (LINKO1)
IN REGION
SEG LINK18#, (LINKO1)
IN ASKFOR
SEG LINK19#, (LINKO1)
IN BIASIT
SEG LINK20=%, (LINKOO)
IN VOLTS,POTENT
SEG LINK21x, (LINKOO)
IN ANSWER,LOOKC,QUICyP
SEG LINK22%, (LINK21)
IN DEPOS
SEG LINK23*9(LINK21)
IN FLUXES
SEG LINK2u4#, (LINK21)
IN PLOTNE
SEG LINK25%, (LINK21)
IN DERIVE
SEG LINK26%, (LINK21)
IN TIMER
SEG LINK27%x, (LINK21)
IN OPTIMA
SEG LINK28%, (LINKOO)
IN SOURCE»SINPUT,CAPTUR»BREMSS,COMPTNspHOTON,)SCATTR)NEUTRN,BETAS, THERML
IN UNITRA,PATH,NORMAL » KERNEL AHEADoDETECT.DOSES.GROUP,SPHERE;PSTAR
IN OSTAR,USTAR,VSTAR
SEG LINKZ9*.(LINK28)
IN TEMPER
SEG LINK30*, (LINK28)
IN SOLVER
SEG LINK31x, (LINK28)
IN SOBER,LINEAR
RXQT :

DATA DECK
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TABLE E.6

CDC 6600 SCOPE CONTROL CARDS

JOB=ACCOUNTING CARD
FASTER,PRIORITY,TIME LIMIT,FIELD LENGTy, FORMAT VARIES
RUN(S»20929e777777,1) ASA OPTION
LGO,
é (END OF RECORD)
PROGRAM FASTER(INPUT.OUTPUToTAPEs-INPUT TAPE6=OUTPUT)
SOURCE DECK FOR THE MAIN PROGRAM
SOURCE DECKS FOR ALL SUBPROGRAMS
(END OF RECORD)
DATA DECKS

g (END OF FILE)
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